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These Companies Know 
that FP-19 Reclosers Pay for Themselves 


in less maintenance 


in service continuity 
in increased revenue 


\ of these reclosers were equipped 


with operation counters, and it was 
easy to tell just how many times they had 
restored service to Customers on rural power 


lines. 


Assuming a cost of only $10 to send out an 


emergency crew to locate trouble and restore 


service, these reclosers have made a big saving. (Company B), service was maintained. So, no 
No maintenance was required on any of these revenue was lost. These experiences are typical. 
reclosers. Except in the case of the fallen line General Electric Co., Schenectady, New York. 
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High Lights 


Coupling Between Earth-Return Circuits. 
Induced voltages recorded in communica- 
tion circuits paralleling d-c electric railways, 
at times of short circuit on the railway, 
have shown marked divergencies from 
computed values. Because of the numer- 
ous factors that might contribute to these 
divergencies, experimental studies of the 
transient coupling between parallel earth- 
return circuits, free from the effects of 
shielding conductors, and with concen- 
trated rather than distributed grounds, 
have been made in order to provide a better 
understanding of the problem (pages 1159- 
64). 


American Engineering Council. From its 
very beginning, in 1920, American Engineer- 
ing Council has aimed to aid the engineering 
profession in presenting a united front in 
matters of interest to government and to 
the public. A review of some of the prob- 
lems, policies, and activities of AEC, pre- 
pared by the president of Council, appears 
in this issue (pages 1082-4). A report on 
coal-price fixing and the Bituminous Coal 
Act of 1937, from a current ‘‘news letter” 
of AEC is included in the news section 
(pages 1211-12). 


Electricity in Steel Mills. This issue con- 
tains 4 papers on the applications of elec- 
tricity in the manufacture of steel products. 
One summarizes the entire range of elec- 
trical applications in steel mills (pages 
1115-23); a second describes a 72-inch strip 
mill (pages 1105-14); another describes 
more specific uses of electricity in the meas- 
urement and control of tension in cold- 
strip mills (pages 1141-4); and a fourth 
indicates the important characteristics of 
carbon brushes for steel-mill equipment 
(pages 1165-8). 


Limiters. One solution to the problem of 
providing short-circuit protection for sec- 
ondary distribution networks consists of 
the use of “limiters,’”’ which are reduced 
metallic sections incorporated in connectors, 
lugs, or other connecting devices used in 
normal cable installation procedure. A 
large eastern metropolitan power company 
has installed 16,000 of these devices on its 
distribution system during the past year 
(pages 1191-6). 


Inductances for Ultrahigh Frequencies, 
With short-wave (or ultrahigh-frequency) 
radio receivers becoming common, it is 
important that the inductances for these 
receivers be properly designed. From the 
results of experimental and analytical 
studies of the resistance of small single- 
layer inductances for frequencies between 


4 and 25 megacycles, a procedure has been 
deduced for the “optimum” design of 
such inductances (pages 1169-76), 


Middle Eastern District Meeting. Akron, 
Ohio, world’s largest rubber manufacturing 
center, will be the scene of a 3-day meet- 
ing of the AIEE Middle Eastern District, 
October 13-15, 1937. A program includ- 
ing 23 technical papers, an excellent variety 
of inspection trips to local industries, and 
sports and social events has been arranged. 
A District student conference also will be 
held during the meeting (pages 1205-07). 


Engineers’ Income. The earning power of 
engineers varies widely, according to 
information obtained in a comprehensive 
survey of the profession in which incomes 
for 1929, 1932, and 1934 were reported. 
Striking differences exist within each pro- 
fessional class, and within each group classi- 
fied on the basis of educational background 
(pages 1089-1104). 


Matrices in Engineering. The matrix 
not only is “a convenient notation that 
summarizes in a natural and convenient 
form whole groups of operations, but... 
it is... possible to solve the sets of differen- 
tial or algebraic equations written in matrix 
form in a most convenient manner’ (pages 
1177-90). 


Resistance Welder Control. Fully auto- 
matic repeat control devices are needed to 
obtain maximum operating speeds in re- 
sistance-welding machines without sacri- 
ficing the quality of the welds. Operating 
speeds of 350 or more welds per minute are 
said to be made practical with a new type of 
control equipment(pages 1145-8). 


Selection and Training of Engineers. 
Many members of the Institute will recall 
having heard Retiring - President Mac- 
Cutcheon speak on this subject at their 
local Section meetings during the past year. 
In response to many requests, Mr. Mac- 
Cutcheon has prepared this address for 
publication (pages 1085-8). 


Noise Test Code. A proposed test code for 
apparatus noise measurement has been 
developed by an AIEE subcommittee. 
The purpose of this code is to establish 
uniform methods of conducting and re- 
porting sound-level tests on apparatus. 
Discussion is invited (pages 1079-82). 


Silver-Tellurium Alloys. Compensation of 
temperature errors in electrical instruments 
may be accomplished by the use of series re- 
sistors having negative temperature coef- 
ficients of resistance. A method of making 
such resistors of tellurium and silver has 
been described (pages 1128-33). 


Statements and opinions given in articles and papers appearing in ELECTRICAL ENGINEERING are the ex 
Correspondence is invited on all controversial matters. 
Philippine Islands, Central and South America, Haiti, Spain, 
be received by the fifteenth of the month to be effective with the succeeding issue. 
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Electric Shock. That low-voltage house 
circuits can give fatal shocks is shown by 
the death of from 100 to 200 persons an- 
nually in the United States from this cause. 
Preventive measures will reduce the hazard, 
and resuscitation will save many victims 
(pages 1077-9). 


Alternator Short Circuits. Formulas for 
armature currents in the faulted phases and 
for the main field current at any time after 
the short circuit have been developed for a 
double line-to-neutral short circuit of an 
alternator (pages 1149-55). 


Engineering Education. An eminent engi- 
neering educator has prescribed a new type 
of engineering curriculum for undergraduate 
students, intended to produce engineers 
interested ‘in assuming places in public 
leadership (pages 1073-6). 


Prize Awards. National and some Dis- 
trict prize awards for 1936 AIEE technical 
papers were announced in the June issue; 
additional awards, for Districts 5 and 8, 
have now been announced (page 1208). 


Flywheels for A-C Units. A compendium 
of the theory of flywheels for a-c generating 
units and of the parallel operation of such 
units is included in a paper in this issue 
(pages 1158-60). 


The 2-Reaction Theory. Extensions of the 
2-reaction theory as applied to multiphase 
synchronous machines are included in 2 
papers in this issue (pages 1124-7 and 1197- 
1201). 


Rectifier Regulation. Several factors may 
affect the ‘“‘angle of delay’’ which is used in 
calculating the regulation of grid-controlled 
rectifiers, and their effect should be in- 
cluded in the determination (pages 1134-40). 


Letters to the Editor. Comments on 
AIEE publications and incandescent-lamp 
voltages appear in the “letters’’ columns of 
this issue (pages 1212-13). 


DISCUSSIONS 


Appearing in this issue are discussions 
of the following papers: 


Watt-Hour Meter Bearings—Kinnard and Goss 1209 


First Report of Power System Stability—Subcom- 
mittee Report 1204 
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Engineering Education and Democracy 


By ROBERT E. DOHERTY 


FELLOW AIEE 


REVIOUSLY I have 
p had the privilege of dis- 

cussing before the In- 
stitute! and elsewhere?*45 cer- 
tain problems of engineering 
education, especially those re- 
lating to the undergraduate 
program. On such occasions 
I have stressed the importance 
of a thorough understanding 
of fundamental science and 
have expressed concern over 
the relatively high degree of specialization in under- 
graduate work at the expense of such understanding; 
I have contended, moreover, that educators should give 
to students a start toward that rounded-out education 
which is so essential to professional activity on a high 
plane, and which is indispensable in placing engineers in 
effective leadership alongside other professional men. 
This latter phase I shall now discuss further, and 
emphasize as much as possible the critical necessity for 
prompt attention to this matter. Educational machinery 
for readjustment moves slowly; the process of bringing 
young men from freshman year to professional maturity 
requires from 15 to 20 years; and social and economic 
change continues at an accelerated rate with little or no 
intelligent control. Hence time is important. 

Increasing complexity confounds us. Technology with 
all its blessings yet subverts traditional habits and atti- 
tudes of mind; narrow specialists multiply endlessly; 
interdependence of individuals and of communities in- 
creases apace; pressure groups spring up on all sides; 
rackets thrive; selfish interest reigns supreme. Sur- 
rounded by all of this, we find ourselves, our hopes for 
our children, and the great possibilities of American 
democracy, primarily in the hands of confused lawyers 
and economists. They are not to be condemned; on 
the contrary, they are to be given great credit for at least 
some serious thought regarding the matter. 
have moved too fast for them. But to what extent has 
the engineering profession taken a hand? It has added 
fuel to the technological flame that has illuminated and 
warmed the whole social community with physical comfort 
and convenience, but apparently it has not occurred to 
the profession that the flame, though beautiful and inter- 
esting, may yet consume us. Engineers, who understand 
technology, must give more thought to consequences. 
They, in common with lawyers, economists, and other 
responsible professional people, must consider a new kind 
of educational preparation for their oncoming generations, 
for if these generations grow up with the limited under- 
standing, and with the attitudes that characterize present 
professional groups, it would seem our hopes are forlorn, 


governmental affairs; 
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Most engineers are agreed that the engineering 
profession is not sufficiently active in civic and 
that engineers are not 
sufficiently insistent in voicing their opinions to 
public officials who administer affairs vital to 
the profession. With a view to the future, an 
eminent educator here prescribes one form of 
engineering education intended to build engineers 
interested in assuming their places as effective 
citizens in our democratic government. 


Merely, things 
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because the enemy’s strength 
now is growing faster than 
ours. 

Believing, as I do, that new 
professional attitudes are es- 
sential and that these can be 
created in sufficient strength 
only by education of the pro- 
fessional generation yet in 
college, or just graduated; 
and believing further, that the 
accomplishment of adequate 
changes in educational programs will require, first, the 
adoption of a significantly modified philosophy by both 
educators and industrialists; and still further, that to 
change attitudes in older generations regarding education 
itself is difficult—believing these things, I have grown to 
be less optimistic. In any case, the first basis for opti- 
mism will be a concerted move toward a readjusted 
philosophy. 


What are the fundamental attitudes from which our 
thinking should proceed? More specifically, what is the 
fundamental attitude? What others are implied? 

Unquestionably we must start from the premise that 
competent citizenship is the first responsibility, and that 
the more the individual’s educational opportunity is ex- 
tended, the greater this responsibility. This aspect of 
educational philosophy, although recognized here and 
there, is almost wholly overlooked in higher education. 
Great credit and gratitude are due those educators that 
preside over primary and secondary education for their 
attitude in this connection, but the matter must not rest at 
that point. Competency as a citizen requires more than a 
preliminary knowledge of the origin, purpose, and form 
of our government, the early disposition to co-operate and 
accept majority opinion, and the other attitudes culti- 
vated in the first levels of education. It requires, as well, 
especially of the better minds that have had the privilege 
of higher education, an understanding of principles and 
forms of government, a cultivated ability and attitude to 
weigh the complex issues that arise; and some feeling of 
obligation to decide intelligently and give support to 


Essentially full text of an address presented at a meeting of the AIEE Lehigh 
Valley Section, Bethlehem, Pa., May 14, 1937. 


Roxsert BE. Douerry is president of Carnegie Institute of Technology, Pitts- 
burgh, Pa. Doctor Doherty served as a designing engineer for the General 
Electric Company, Schenectady, N. Y., from 1910 until 1920, when he became 
an assistant to Doctor C. P. Steinmetz (A’90, M’91, F’12, and past-president). 
Upon the death of Doctor Steinmetz in 1923, Doctor Doherty became con- 
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capacity until he became professor of electrical engineering at Yale University 
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1936 was elected president of Carnegie Institute of Technology. He has 
served on many of the Institute’s technical and general committees, and has 
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the decision. Our experiment in democracy rests four- 
square upon the assumption that the citizens themselves 
are competent to settle issues wisely. My question is: If 
most of those, including engineers, whose minds are trained 
to think carefully, are to be directed merely to enterprises 
that create still more of the social and economic complex- 
ities that confound us, who will do the thinking in our com- 
munity and national life? For, after all, are we not in- 
terested quite as much as a nation in where we are going 
and taking our children, as in the thrill and fascination of 
the journey itself? If we are not interested as trustees of 
American freedom, then are we not interested as parents 
of our children? I can answer the question. If more pro- 
fessional people, who presumably are trained to think, do 
not take interest in these matters, then the future talent 
exercised upon the problems of state will be unchanged, 
and the result is clear. The American experiment is too 
great, its ramifications too complicated, its growth in com- 
plexity too rapid, its values too precious to be guided by 
emotion and selfish interest. A successful issue of the ex- 
periment demands guidance that is based on intelligent, 
dispassionate study, and this cannot come from a mere 
handful of men; it must, by the very nature of democracy, 
. come from large numbers. If this nation is to endure as a 
free nation, we must not forget, as we certainly have done, 
the fundamental philosophy of 1776 that competent citizen- 
ship is our first responsibility, and that this responsibility 
becomes proportionally greater as the educational privilege 
is extended. 

If this point of view is once again seriously accepted, 
then new attitudes are implied in higher education and 
business. Professional education must devote to this end 
more of the precious time in its programs, and this means 
either that the programs must be extended, or that indus- 
try and business must be willing to accept graduates with 
training less specialized then they now have. I wish to 
discuss the problems into which we should thus be led, 
confining myself to engineering education and to industries 
that absorb engineering graduates. 


What would engineering education do if industry gave 
it a free hand? The following is what it might do, and 
what I think it ought to do: The indispensable parts of 
engineering education, in my opinion, are an understand- 
ing of mathematics and the basic physical sciences; a 
characteristic habit of mind engendered by dealing with 
the purpose of utility and with definite facts, laws, and 
predictable outcomes; and thus a combination of these 
which has been termed ‘“‘the engineering method.’’ Science 
alone is not enough; neither is a superficial dabbling with 
the method without the science. Both are necessary. So 
the first step is to provide these, or else we shall be beyond 
the limits of engineering education. But having provided 
them, we shall have a curriculum that qualifies by defini- 
tion; and anything further on the technical, scientific 
side is to be regarded as specialization. 

But I am now proposing that we change the definition. 
It should include as well the requirement of an adequate 
background and discipline for the new responsibility: that 
of dealing with problems involving social elements. Both 
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as a citizen and as a professional man active in matters 
that affect environmental relationships in society, the 
engineer is under obligation to be prepared for this responsi- 
bility, and he should not be regarded as an engineer in 
the professional sense without it. The civic aspect of this 
responsibility already has been discussed. I now add the 
professional, since the educational preparation for the one 
is also for the other. 

Some two-thirds of all engineering graduates eventually 
have entered work involving personnel management, and 
perhaps half that number have assumed this reponsibility — 
in amajor way. The dark labor situation that recently has 
sprung up throughout the country indicates the extent to 
which engineers, even though involuntarily, are rapidly 
being thrown by the onrushing technological tide into 
positions where their plans and decisions may have per- 
vasive social implications. No other group is in such a 
key position as are engineers to make great contribu- 
tions to industrial peace. By virtue of such a position, 
which yearly is growing in importance, engineers’ profes- 
sional responsibility is an additional reason for their active 
interest and competency in dealing with social and eco- 
nomic problems, and in framing an educational program 
these aspects of responsibility should be recognized as on 
equal footing with technical responsibility so far as their 
being essential factors is concerned. 


What, then, are the practical implications regarding the 
curricula? Stated generally, they are the necessity fora 
redistribution of time and emphasis, and the question of 
whether industry is willing to assume a share of the 
responsibility by accepting graduates with broader and 
more thorough training, but with less specialization. 

Before entering these particular matters I wish, in the 
interest of clarity of discussion, to dispense with certain 
questions that are closely related. In the first place the 
thesis of this discussion should not become confused or 
lost by the mention of the 5-year curriculum. In the view 
of that portion of past industrial generations that built 
rapidly and inefficiently, the way to get increased output 
was merely to extend the plant. With allowances there 
is a parallel here which might be profitably drawn when the 
5-year plan is pressed. Unquestionably some students 
desire, and can afford the time and money, to spread their 
education over 5 or 6 years at undergraduate level, and 
they should be able to do so. Moreover, a relatively small 
part of them should extend formal education into gradu- 
ate study in higher scientific levels. These would consti- 
tute the supply of professional technical specialists. All 
of this seems clear. However the great mass of those who 
study engineering should not be required to take an 
added year or two out of their professional lives either 
because we feel, like the past generation of industrialists, 
that the only way to change is to add, or because certain 
phases of present industries require at graduation special- 
ized skills that could equally or better be learned on the job. 
Tam convinced that if industry will do its part, graduates 
can beprepared, along the lines I have indicated, within the 
4-year period. 


I believe industry will do its part. There are many 
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leaders of industry whose views I do not know, but prac- 
tically every one of them whose opinion I have read or 
heard has not urged specialization, but breadth of view. 
The classical report of the Society for the Promotion of 
Engineering Education (1923-29) includes composite 
opinions of industrial leaders and practicing engineers 
regarding the character of education desired in an engi- 
neer; and questionnaires of similar purpose have been 
analyzed and reported in numerous other publications. 
One certainly cannot conclude from the well-known results 
of these inquiries that in general industry demands special- 
ized training at the expense of fundamental breadth and 
humane understanding. Yet the necessity of retaining 
existing courses of specialized nature seems to hinge on 
the idea that a graduate will not be able to get a job if he 
does not have them. To whatever extent it is true that in- 
dustry, by insisting upon the teaching of special, routine 
skills, prevents us from educating our students along 
broader lines that seem to be so clearly necessary, then to 
that extent it becomes our responsibility to convince in- 
dustry that its position is ill-advised. The stakes are too 
large in this matter to permit a narrow view of a small 
part of industry to dictate general educational policy. In 
any case, I set down as the problem before us, a 4-year pro- 
gram that will recognize the educational policy outlined, 
and yet be a preparation for entering those fields that now 
employ engineering graduates. 

The first critical question is the distribution of time 
between the technical and social phases, or stems, of the 
curriculum. This will depend in a limited way upon such 
factors as the field of activity for which students are pre- 
paring. For instance, a course looking primarily to 
management would demand a larger portion of the cur- 
riculum for the social phase than one looking primarily to 
technical engineering. Moreover, if the students were 
divided into general course and honors groups, as pre- 
sumably they will be more and more, the programs of the 
honors group probably would include more time for the 
social stem. Naturally, individual judgment as to the 
division of time also will vary. My own opinion is that the 
social stem should be accorded from one quarter to per- 
haps one third or more of the total time, depending upon 
the factors referred to. 

There is an additional specification regarding the time 
distribution: the social stem should be continuous. The 
purpose is to build up a habit of mind; to create a desire 
to become broadly educated; to cultivate a stem which 
will continue to grow after graduation. And I am clear 
that this cannot be accomplished by discontinuous effort. 
The program must be continuous and sequential, begin- 
ning in the freshman year and extending through the 
senior year into professional life. 

The second critical question is the specific nature of the 
social and economic side of the program. What subjects 
should be included? How should they be taught? I have 
found only one way in which to answer these questions. 
It is first to state specifically the outcomes desired, and 
then frame the program so that it will achieve these out- 
comes. Perhaps the program cannot be defined in tradi- 
tional terms; merely of subjects to be studied and courses 
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to be taken. The things that cultivate those definite out- 
comes must be considered, and traditional courses in 
history, English, economics, government, and sociology, 
will not accomplish the purpose. In the first place, there 
would not be enough time for the student to cover these 
subjects in the traditional way, and secondly, even if he 
did so, he would not achieve the ends. 


What, then, should be the outcomes? I recommend (1) 
a clear historical understanding of the parallel growths 
of science and engineering, on the one hand, and social 
customs, relations, and institutions, on the other, and how 
these have reacted on each other. In other words, a his- 
torical perspective of social evolution, especially since the 
invention of the machine: (2) The ability to read pur- 
posefully in order to make a critical analysis of a problem 
involving social and economic elements, and arrive at an 
intelligent opinion about it. The ability to analyze tecb- 
nical problems does not, as sometimes assumed, imply an 
ability to analyze these others: (3) The ability to organize 
thoughts logically and with purpose: (4) The capacity to 
use the English language and thus express those thoughts 
effectively: (5) Appreciation of English literature: And 
(6) a continuing interest in all these matters, and thus the 
desire to become educated. 

These outcomes imply the general character of the social 
stem of the curriculum. They imply extensive and care- 
fully selected reading and seminar or class discussion dur- 
ing the first 2 years, in order to acquire general background 
and to establish clear conceptions of both the decisive 
turning points in social development and the attempts that 
have been made by social scientists to generalize from the 
recorded experience. This preliminary study must not be 
too detailed. It must be directed toward establishing an 
over-all pattern that can be examined as a whole. What 
is essential is a clear picture of the general features of the 
highway system by which civilization has reached its 
present stage—the junction points, the sign posts and 
traffic signals, the most general character of the main 
routes, and possibly some of the important detours. The 
less essential features of the individual highways, of the 
scenery and towns along the way, and of detailed social 
customs must be left to future study when more time 
may be spent in a particular section. I cannot emphasize 
too strongly the importance I attach to such an integrated 
view. It must be achieved at all costs, but it does not 
cost much. There is adequate time in 2 years if only one 
can restrain the habitual insistence of many textbook au- 
thors upon the gorging of details, and of instructors thus 
to administer them. With such a general picture in mind, 
subsequent study of problems and subject matter regard- 
ing a particular area then becomes both intelligent and 
interesting. 

In the last 2 years only a few special problems should be 
studied; that is, definite social and economic questions 
about which the student would be required to read under 
competent guidance, and come to an intelligent opinion. 
He should have 3 or 4 of these in the junior year, one or 2 
in the senior, each being more difficult than the last, and 
have the responsibility of defending his solution, pre- 
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sented in an essay before a small seminar—not more than 
7 or 8 participating students, each of whom had read the 
essay. Such a program would not involve many scheduled 
classes, especially in the last year. There would be 
seminars only at times when problems were ready for re- 
view, and a few other meetings found to be necessary to 
keep students under way. These latter would occur more 
frequently at the beginning of the junior year, and almost 
not at all in the second semester of the senior year. But 
the transition from frequent meetings to few is necessary. 
The rest of the time would be devoted to reading, study, 
and writing. 

I wish to stress especially this feature of independent 
study of a question. It gives actual experience in doing. 
One can read for background, take course after course in 
this and that, but until one has actually gone through 
the process of reading around a question and has one’s 
self thus formed an intelligent judgment that must stand 
the test of critical discussion—until then, one has missed 
a fundamental first step in achieving a disciplined intel- 
lect. And if that educational experience is not acquired 
in college, it may never be. 

May I add one or 2 more comments about this particu- 
lar feature of the plan? I may be accused of proposing 
graduate activity in undergraduate work. Perhaps I am. 
Undergraduate students may seem immature, but I feel 
that the character of much undergraduate work tends to 
keep them so. I am convinced that the sooner they can 
be introduced to the method, however simple the problem, 
of high-grade graduate activity, the more we shall help 
students achieve intellectual maturity. 

Or it may be said I am proposing merely an honors 
course, after the English model. Perhaps Iam. There is 
this distinction, however, that simplifies our problem: 
Here the student’s reading centers around a specific ques- 
tion, not a whole field. Indeed, he may be led to read in 
2 or 3 fields to solve his problem, but his entire activity 
has a perfectly definite focus, and the character of the 
problem always can be adjusted to his ability and avail- 
able time. 

Finally, it may be suggested, and with some reason, 
that such a program would be too expensive and admini- 
stratively complicated, but it is not as bad as it appears. 
The first 2 years would be largely class work as to time 
and schedule, but with emphasis different from the usual. 
And in the last two, although much of the guidance may 
be individual in character, the conferences would not be 
frequent—perhaps biweekly. And those aspects of the 
work which, in the earliest part of the junior year may seem 
to require more frequent meetings, are those which can be 
handled in group meetings. Moreover, I acknowledge 
that a portion of the class may require group guidance for 
an extended period, and these should be so guided. AI- 
though the program may involve careful planning, the 
values are too great to forego, especially for those students 
who can pursue the work with a minimum of guidance. 

Returning now to the other features of the program im- 
plied in the proposed outcomes, I have mentioned the 
ability to organize thought and to express it effectively. 
A rigorous discipline in achieving logical relationships of 
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ideas, and in writing, should be a characteristic of the pro- — 
gram throughout the whole 4 years. Through the medium 

of essays, very simple at first, the student’s mind should 
be kept in constant challenge as to logical thought and 
statement. 

With respect to an appreciation of English literature, I 
confess I see no better way to foster this than the best 
type of English courses. The purpose should be to create 
an interest and desire to read for pleasure; it should not 
be to cover as much literary ground as possible. By the 
way, one theory I have heard for covering much ground is 
that it is the last chance to tinge the poor engineer with a 
little culture! Thus the requisites I would specify are in- 
teresting subject matter, interesting class discussion, in- 
teresting essays. 


Summarizing, I have thus outlined the nature of the 
program I would recommend as the social stem of the 
engineering curriculum. The educational values are as 
follows: All reading and study would be focused upon a 
definite, clearly visible objective; counsel of a mature 
mind; experience in pursuing independent critical study, 
in discriminating between the important and the trivial, 
in forming intelligent judgments, and in organizing 
thought logically and with purpose; the discipline of in- 
telligent criticism by other minds; and the unmatched 
incentive to fruitful effort by the student of his “coming 
to bat” before, and in competition with, his associates. 
And I think I am justified in adding that it will create in 
many students the desire to continue reading and study 
after graduation. Experimentation for 4 years with such 
a program in junior and senior years gives me confidence 
that the outcomes implied in the proposed educational 
policy can be achieved reasonably; they certainly can be 
fully achieved with the better minds. 

Is it worth while? Is America worth while? I do not 
suggest that this particular program is the final answer 
to the problem. It is still at experimental stage. And 
there may be many other ways to accomplish the purpose. 
But I do insist that we cannot escape the responsibility 
of striving toward the outcomes I have indicated, and 
insist, further, that the present typical educational pro- 
grams do not achieve them. And even if adequate 
programs may cost slightly more, and require sacrifices 
in the specialized courses on the technical side, I repeat 
the question, Are they not worth while? For what is to 
be gained by preparing engineers to continue their building 
of a physically magnificent structure only to have it torn 
down ultimately by the uncontrolled, unintelligent forces 
of selfish interests and vandalism? 
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Electrical Accidents 


By W. B. KOUWENHOVEN 


FELLOW AIEE 


AN-MADE _ electric 
M shocks are not modern. shock: 
The first shock re- 
corded in literature was re- 
ported by Galvani in 1780. 
The first fatal electrical acci- 
dent occurred in France in 
1879. In the United States 
the present death rate due to 
electrical accidents is one per 100,000 of the population. 
Approximately one-half of the electrical accidents re- 
ported result in fatalities. Some fatal accidents occur 
on low-voltage circuits and the house circuits account for 
the deaths of between 100 and 200 persons annually. 
With the increased availability of electric power and the 
new uses that are advocated, there is the possibility that 
electrical accidents may increase. It is the duty of 
engineers to acquaint the public with the dangers that 
do exist, so that undue hazard may be avoided. 
Maclachlan' has published an excellent study of 479 
cases of electric shock for which complete data are avail- 
able. He showed that men are more commonly injured 
than women and that the ages of the greatest incidence 
of shock lie between 15 and 30, perhaps owing to the 
greater carelessness of youth. Accidents are more com- 
mon in the summer months, as the result of the smaller 
protection offered by the clothing and the presence of 
perspiration, which lowers the skin resistance. Mac- 
lachlan found that accidents are more common at the end 
of the working day when fatigue is at a maximum. He 
reported that the current path through the body is 
generally from the right hand to the feet. 


Factors Involved 


In every electrical accident there are 6 factors which 
influence the result. These are, first, the type of circuit 
with which contact is made; second, the voltage of the 
circuit; third, the resistance offered to the flow of current; 
fourth, the value of the current; fifth, the current pathway 
through the body; and sixth, the duration of the contact 
with the circuit. 


TYPE OF CIRCUIT 


The type of circuit? with which contact is made affects 
the resulting injury. For example, low-voltage alter- 
nating current is more dangerous than the corresponding 
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Six factors influence the result of an electric 

type of circuit, voltage, resistance, 

current, current pathway, and duration of contact. 

Preventive measures will reduce the hazard, and 

resuscitation will save many victims, according 

to information summarized in this article, which 
is based on reports previously published. 
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continuous voltages. On the 
contrary, d-c circuits above 
1,000 volts are more dangerous 
than a-c circuits of the same 
voltage. Experimental 
studies’ have shown that there 
is little if any difference be- 
tween commercial 25- and 60- 
cycle circuits. 

The tetanic contraction of the striated musculature of 
the body caused by contact with d-c circuits is not as 
severe as that produced by alternating current. The lat- 
ter will sometimes throw the victim clear of the circuit. 
Experiments made with the lightning discharge of an im- 
pulse generator on animals showed no evidence of mus- 
culature contraction. 


VOLTAGE 


High-voltage circuits are recognized as dangerous and 
are carefully avoided by everyone. The public considers 
the low-voltage house circuits as perfectly safe; this, how- 
ever, is not the case, as already has been stated. The con- 
traction of the muscles when good contact is made with a 
low-voltage circuit is usually insufficient to throw the 
victim clear. He is held in contact with the circuit and 
death may result. Many of these low-voltage accidents 
could be avoided if the public appreciated the danger and 
realized that electricity, although a good servant, is a bad 
master. 


RESISTANCE 


Greatest protection against electric shocks, particularly 
those caused by low-voltage circuits, lies in the skin. The 
resistance that dry skin offers to the flow of electricity 
ranges from 70,000 to 100,000 ohms per square centimeter. 
Its value depends to a certain extent upon the callousness 
of the skin. Once the current enters the body, the tissues 
offer only a relatively low resistance to its flow. 

When the skin is thoroughly moistened by washing 
or perspiration, its resistance falls to less than one one- 
hundredth of its dry value. It is under these conditions 
that contact with the low-voltage circuit is dangerous. 
Contact with electric circuits should be made impossible 
in kitchens, bathrooms, cellars, and industrial locations 
where moisture is present. 

Considerable heat is generated in the epidermis at the 
points of contact with the circuit, because of its high re- 
sistance. If the victim cannot release his hold and contact 
with the circuit continues for even a short time,‘ the tem- 
perature may be raised to a sufficient degree to produce 
blisters. These break down the skin and destroy com- 
pletely any protection that it had initially offered to the 
flow of current. 
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CURRENT 


The sensitivity to electric currents varies widely. Some 
individuals can detect the presence of currents of one 
milliampere or less, while others require several times that 
amount in order to be certain that a circuit is alive. In any 
electrical accident, Ohm’s law determines the current that 
flows, and it is the passage of this current through the 
body that determines the injury produced. The question 
naturally arises: What value of current is dangerous? 
The writer believes, because of the results of laboratory 
experiments and field data, that an alternating current of 
one-tenth of an ampere at commercial frequencies is suffi- 
cient to cause death provided it flows through the vital 
organs. This does not mean, however, that a current of 
20 amperes will make death more certain. In fact the 
opposite is more often the case. The reason for this 
apparently anomalous statement is due to the fact that the 
flow of a small current through the chest may be sufficient 
to destroy the normal rhythm of the heart and to throw 
that organ into ventricular fibrillation. Under these con- 
ditions, the circulation of the blood ceases and death en- 
sues as the human heart rarely recovers its regular beat 
spontaneously. A large current, however, produces a 
severe contraction of the body musculature including that 
of the heart and holds that organ at rest. Then when the 
circuit is broken, provided the duration of the contact is 
brief, the heart automatically resumes its activity. 


CURRENT PATHWAY 


The path that the current follows in its passage through 
the body is of great importance. In general, if no vital 
organ lies in the pathway, no serious injury results. For 
example, in experiments with rats when the electrodes 
were attached to the 2 hind legs, all but 2 of the animals 
survived a 2-second shock from a given circuit without 
injury. When, however, the electrodes were shifted to the 
forelegs all of the animals died. The currents and voltages 
were the same in both experiments. Once the current is 
inside the body, it spreads out in a more or less fusiform 
shape, assuming uniform specific resistance for the tissues. 
It is difficult to believe that any appreciable current passes 
through parts of the body that lie far outside of the main 
current pathway. There are, however, accident cases on 
record where unconsciousness followed the passage of a 
current between 2 fingers on the same hand or 2 points on 
the same leg. In such cases, no current flows through the 
central nervous system and the action must have been 
caused by the sudden shock and the resulting vasomotor 
changes. 

The brain appears to be relatively easily injured by the 
passage of an electric current, and in legal electrocution 
one electrode is placed on the head. Fortunately, in most 
industrial accidents the brain does not lie in the current 
path; however, the heart and respiratory apparatus are 
often injured. In many electrical accidents the current 
in passing through the body produces a block in the ner- 
vous system. This prevents the normal stimuli from the 
brain reaching a given organ. If that organ is the breath- 
ing mechanism, the victim will die of asphyxia, unless 
artificial respiration is given promptly. 
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DURATION OF CONTACT 


The duration of the contact with the circuit is extremely 
important in determining whether an individual will sur- | 
vive or not. There is usually little data available in cases — 
of human accidents as to the length of time that the cur- 
rent flowed through the body. In our first series’ of ex-_ 
periments on animals in which they were subject to shocks 
of different voltages, the importance of the time factor was — 
clearly demonstrated. In general, the higher the voltage, 
the shorter the time during which the circuit may remain 
closed and there be hope of resuscitation. Fortunately, 
due to the violent contraction of the muscles when contact 
is made with high-voltage circuits, the shock is usually of 
short duration. 


Preventive Measures 


It is the duty of qualified persons to acquaint the public 
with the rules for the safe handling of electrical circuits 
and devices. It is the duty of the designing engineer and 
architect to reduce the low-voltage hazard by specifying 
highest grade equipment and so installing it as to make 
humanly impossible, as far as practicable, contact with a 
live circuit, especially in damp locations. The floors of 
such places are usually of concrete or similar electrically 
semiconducting material. Keeping in mind the fact that 
in most accidents the current flows from the hands to the 
feet, the building designer might well consider the question 
of providing an insulating floor covering. The manufac- 
turer of power-operated hand tools and their accessories 
should use ample amounts of the best grades of insulation 
because the best is none too good. 


Resuscitation 


The problem of the resuscitation of a shock victim di- 
vides itself into 2 fields, namely, the treatment of the fibril- 
lating heart and of cases of paralysis of respiration due to 
nerve shock. 


COUNTERSHOCK 


The statement has been made that small amounts of 
current are sufficient to throw the heart into ventricular 
fibrillation, but that when a large current flows, the heart is 
held quiet because of the strong musculature contraction. 
Experiments were carried out in which the heart was first 
thrown into ventricular fibrillation and then a larger cur- 
rent applied for a short time in order to ascertain if it were 
possible to arrest the fibrillation and recover normal heart 
action. These experiments® were successful. Ventricular 
fibrillation was stopped in dogs whose hearts had been. 
left in that state for periods up to 5 minutes by the use 
of a “‘countershock”’ of 6 or 7 amperes at 330 volts applied 
by means of electrodes located on either side of the animals’ 
chests. In these cases, the hearts have resumed normal 
operation and the animals have recovered. Ferris and 
Williams’ have also experimented with the countershock 
method of resuscitating the fibrillating heart, and, using 
larger animals, have duplicated these results. 

In the experiments carried on over a period of time at 
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The Johns Hopkins University, fibrillation has been stopped 
after having been allowed to continue for periods of more 
than 5 minutes. Although circulation has been re-estab- 


lished for a time in some of these cases, experimenters have 


not succeeded in saving the animals, 

[Editor’s Note: The method of countershock has not yet 
passed beyond a laboratory stage. Immediate application 
of artificial respiration is the recommended procedure. | 


ARTIFICIAL RESPIRATION 


The most common result in electrical accidents is a 
physiological block or break in conduction in the nervous 
system controlling the operation of respiration. The 
victim will be apparently dead; he will not be breathing 
and his heart beat may be so faint as to make it impossible 
to detect the pulse. The nerves have been paralyzed by 
the current and no longer transmit the stimuli from the 
brain to the lungs. The block will often disappear in time 
if given a chance. Artificial respiration by the Schaeffer 


prone-pressure method should be applied at once and be 


continued either until the victim recovers or until rigor 
mortis sets in. 


Remember that death from electric shock is often only 
apparent and that lives have been saved by the prolonged 
application of artificial respiration. 
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A Proposed Test Code for Apparatus Noise Measurement 


An Advance Report Presented for Purposes of Discussion 


REPARED under the auspices of the subcommittee on 
sound* of the AIEE standards committee, this pre- 
liminary report is intended to provide some basis for 

standardized technique in the relatively new field of appa- 
ratus noise measurement. Because of the newness of 
apparatus noise investigations, and the importance of the 
subject, the subcommittee anticipates some possible in- 
adequacies in this report, and solicits criticisms and com- 
ments from readers. To facilitate specific discussions, 
paragraphs are numbered. 

1. This test code is intended for use as a guide in the 
measurement of sound levels and the investigation of the 
various elements that contribute to the total noise pro- 
duced. 

2. Often, after apparatus is installed, questions arise 
as to the true causes of the observed sound level, and the 
best way in which to reduce it. Also, it is often desirable 
to design apparatus for a given installation to meet a 
specified sound level. These objectives require knowledge 
of the sound produced by the apparatus and of the effects 
on the sound level of reflections and absorption due to the 
ambient conditions. In this connection, it is necessary to 
make numerous measurements of sound levels, both in the 
factory and in the field. 


Published at the request of the AIEE standards committee. Manuscript sub- 
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3. The purpose of this code is, therefore, to establish 
reasonably uniform methods of conducting and reporting 
such sound level tests, so that wherever or by whomever 
tests are made, the results will be of value for record and 
will be truly comparable with tests made at other times 
and places. 

4. It is recognized that additional codes, sponsored by 
appropriate industry committees, may be desirable in the 
future for the conduct of sound level tests on specific types 
of apparatus, such as fans, motors, gears, etc. The pres- 
ent code contains only general recommendations, which 
will serve as a guide in the development of the technique 
of sound-level testing and a common foundation for future 
codes for specific types of apparatus. 


Scope 


5. This test code contains general instructions for con- 
ducting and reporting sound-level tests on apparatus. It 
is based upon the 1936 American standards 724.1 (Acous- 
tical Terminology), 724.2 (Noise Measurement), and Z- 
24.3 (Sound-Level Meters). 


General Considerations 
in Apparatus Noise Measurement 


6. To appreciate the necessity of a test code for sound 
measurement, it is well to review a few of the important 
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physical phenomena attending the transmission and radia- 
tion of sound which have to be considered in formulating 


the code. 


RADIATION OF SOUND 


7. The distribution of sound about sources other than a 
few simple types is usually very complex. The out-of- 
phase as well as the multifrequency vibrations which exist 
on the surfaces of large sounding bodies such as trans- 
formers, motors, and generators, and other apparatus give 
rise to sound patterns that defy mathematical analysis. 
In practice, however, several simplifying assumptions can 
often be applied to help us understand the nature of sound 
radiation from apparatus. If the wave length of the 
emitted sound is large compared with the dimensions of 
the source the sound will be radiated quite uniformly in all 
directions. But if the wave length is short compared 
with the dimensions of the source, important directive 
effects will appear. This suggests that for large sound 
sources with complex radiating surfaces, a considerable 
number of sound measurements at different points about 
the source should be made and averaged to determine the 
sound level of the source. 

8. Many small sound generators such as fractional 
horsepower motors, small contactors, electric clocks, etc., 
are inefficient and nondirective radiators of low-frequency 
sound, but they can be excellent radiators of sound of 
higher frequencies. Such sounding bodies can often pro- 
duce marked increases in sound of lower frequency when 
their vibrational energy is transmitted to surfaces large 
enough to be efficient radiators. This principle, along 
with resonance, is often used to amplify the feeble tone of 
a tuning fork. A conventional horn-type loud speaker 
reproducing music outdoors provides an excellent example 
for illustrating directive radiation. The lower-frequency 
components of the music can be heard about equally well 
in all directions. The higher-frequency components, 
since they are effectively directed, can be heard best along 
the axis of the speaker. 

9. A study of the radiation of single-frequency sounds 
from generators of simple shape reveals several interesting 
facts that should be kept in mind when noise measure- 
ments are made. If we assume a vibrating disk of dimen- 
sions such that the wave length of the emitted sound is 
short compared to the diameter of the disk, we find that 
for a range of distances along the axis, dependent upon the 
wave length and the distance, the intensity of the sound 
goes through a series of maxima and minima before a 
distance is reached beyond which the intensity decreases 
inversely as the square of the distance. If we assume a 
pulsating sphere which is small compared to the wave 
length of the emitted sound the intensity in free space 
will decrease inversely as the square of the distance. In 
this latter case, the sound level will decrease 6 decibels 
each time the distance is doubled. 


Room EFFECTS 


10. Particular attention should be given to sound 
radiated from room surfaces in response to vibrations 
transmitted through the apparatus supports. Sound 
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produced in this way can be controlled by providing © 
suitable vibration isolating supports for the apparatus. _ 

11. When sound generators are placed within rooms — 
the sound will usually be reflected back and forth many 
times from the surfaces, and so give rise to a complicated 
distribution of intensity within the space. At any point 
within the room the sound level is the resultant of 2 effects; 
namely, the direct sound which reaches the point without 
first being reflected, and the indirect sound which arrives 
after suffering one or more reflections from surrounding 
surfaces. In general, there will be little correlation be- 
tween intensity and distance to the source. The intensity 
may not decrease inversely as the square of the distance; 
instead it may even be found that at certain points remote 
from the source the sound is more intense than at positions 
much closer. 

12. The effect of room reflections upon sound meas- 
urements can usually be made small by placing the micro- 
phone close to the source, and by taking a number of 
measurements about the source. The use of effective 
sound-absorbent materials on the interior surfaces of the 
room will help materially in reducing the effect of indirect 
sound. 

13. An analysis based on reverberation theory leads to 
the conclusion that if a given amount of sound is generated 
within a room, the average energy density due to diffusely 
reflected sound is inversely proportional to the total ab- 
sorbing power of the room. Hence, assuming that a given 
absorbing power is constant with respect to the important 
frequencies in the sound, and converting the expressions 
relating the intensities at a point in the room where the 
sound is mostly indirect to the corresponding decibel ex- 
pressions, the following relation approximately applies: 


1 


(SL), — (SL)2 = 1008:0( 4] 


where (SZ), is the sound level in decibels in a room having 
a total absorption of A,, and (.SZ)» is the sound level when 
the absorption is A». 


Ambient Sound Levels 


14. Measurements made in many locations have 
shown that the sound levels existing in factories, offices, 
and residences usually fall within the ranges given below: 


Sound Levelin Decibels. 


Factories fc mi merc-asinepetsterr alee casanes foc Scene ne 60-90 
Offices (022, 2 Uajste Uae the cides Sele Oe oe TR a ee 40-75 
RieStdences ir cc tescie te eistge sv cnslony tstaneccs oes ea cee 30-55 


Instrument Standards 


15. A sound level meter in accordance with American 
tentative standards for sound-level meter Z24.3 should be 
used for measuring sound level. 

16. Three response curves are provided for in the 
standards, curve A for a 40-decibel sound level, curve B 
for a 70-decibel level, and a flat response curve C for higher 
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Table I. Correction for Ambient Sound Level 


t Difference in decibels between 
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ambient plus apparatus sound 


level and ambient sound level.. 2 .., 3 SACs: 6 8 10 
Correction to be applied to 

ambient plus apparatus sound 

level to obtain apparatus 

CETTE I GAZ ROR Sa —4.3 —3.0 —2.2 —-1.3 —0.8 —0.4 


levels. Each of these curves is desirable for use under 
proper conditions, but it is recommended that curve A be 
used for usual apparatus noise measurements, curve C for 
very high intensities where low frequency noise is pre- 
dominant, and that curve B be used only in special cases. 

17. This recommendation is supported by the fact that 
it is important to have sound-level readings representative 
of the level that is actually heard under operating condi- 
tions. If the apparatus sound level is high, the apparatus 
is usually placed remote from the point where quietness is 
desirable. Therefore, the sound level actually heard is 
much lower than that measured, and hence it is desirable 
to make the measurements with the scale corresponding to 
the lower level, that is, the A scale. 


Factory Tests 


18. Factory noise measurements on apparatus are to 
be made under such conditions that the increase in the 
measured sound level produced by reflections from sur- 
rounding surfaces is small. Also, the microphone should 
be placed in a position free from disturbing air currents, 
vibration, electric or magnetic fields, or other external 
influences, which may affect the readings obtained. The 
ambient sound level at the test locations should be at 
least 6 decibels, preferably 10 decibels or more, lower than 
the sound level due to the apparatus. In general, this re- 
quires a special noise box or room with efficient sound- 
absorbing material placed on the floor, walls, and ceiling. 
Corrections for ambient levels in factory tests are not 
generally permissible due to the uncertainties introduced. 


Note: Free field conditions for the test room should be attained 
in so far as it is practicable, but when reflections of importance 
cannot be avoided their effects upon the measured apparatus sound 
level may be checked by making a series of sound level measure- 
ments with the apparatus placed in various parts of the room, main- 
taining constant at all times the position of the microphone with 
respect to the apparatus. If the source is constant the variation in 
the magnitude of the sound level measured is an approximate meas- 
ure of the effect of room reflections. The effect of room reflections 
may also be checked by comparing measurements made outdoors 
in an open space with measurements made inside of the room. 


19. The apparatus under test may be mounted, at the 
manufacturer’s discretion, so that the sound transmitted 
through the supports will be negligible. 

20. Make measurements at several locations near the 
apparatus to obtain a close approximation to the average 
sound level produced by the apparatus under free field 
conditions. When a given type of apparatus consistently 
produces the same general sound pattern, it is often pos- 
sible to make production tests at some one point which 
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Test Code 


has proved to be representative of the sound level as de- 
termined by averaging the measurements about the ma- 
chine. The arithmetic average value of the readings is 
usually satisfactory, but when point to point variations 
exceeding 10 decibels occur, the weighted energy average, 
or 10 times the logarithm of the average of the anti- 


logarithms of '/1 the separate decibel values, should be 
employed. 


Note: Example 
Microphone Sound Level Antil ith ~ 
Position (Decibels) ; pee acum tea are 
A sh O1W is 8 eat Oe A ted 1,000,000 
Bene Mckee OUR ctong setae 100,000 
CO tess SOR Rea AO vey teoeieh Ade Cee opt Oh 10,000 
3)1,110,000 total 
370,000 average 
logio 870,000 = 5.54 


10 logy) 370,000 55.4 or the desired decibel value 


21. When reporting sound-level measurements, the 
dimensions of the room and the nature of the floor, walls, 
and ceiling, the sound level of the room, the condition of 
operation of apparatus under test, the position of the mi- 
crophone, and the frequency response of the sound-level 
meter should be recorded. The type of mounting and 
other information indicative of the degree of transmission 
of sound to the supports should also be reported. 

22. To promote uniformity and facilitate the compari- 
son of measurements, it is suggested that one of 3 standard 
distances from the microphone to the apparatus be adopted 
in making factory noise measurements, these distances 
being 6 inches, one foot and 3 feet. For very small ap- 
paratus with a sound level of less than 35 decibels and 
major dimensions less than one foot over-all, the 6 inches 
distance is suggested. For fractional-horsepower motors 
in general and for measurements where the apparatus is 
large compared to the space in which measurements are 
made, the distance of one foot is suggested. For large ro- 
tating machines, office equipment, domestic applicances, 
etc., the 3-foot distance is suggested. In locating the 
microphone with respect to the apparatus, the distance 
should be measured to the nearest major surface, minor 
surface projection being disregarded. When directional 
microphones are used, the method of orientation with re- 
spect to the apparatus outlined in the introduction of the 
American tentative standards for sound level meters 
Z24.3 should be employed. It is recognized that definite 
values for these distances, the number of readings to be 
taken, etc., will ultimately be decided by those interested 
in formulating codes for sound-level measurements on each 
specific line of apparatus. The suggestions here are of- 
fered for consideration as a logical starting point in formu- 
lating such specific codes. 


Standard Factory Measurement Positions 


23. When measurements at more than one position are 
made, and it is desired to obtain one over-all value to rep- 
resent the noise produced by the apparatus, it is recom- 
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mended that the readings taken at several points be aver- 
aged in accordance with the method outlined under ‘‘Fac- 


tory Tests,” paragraph 20. 


Field Investigations 


24. The first step should be to measure the sound level 
produced while the apparatus is in operation, with the 
microphone placed at the standard factory test positions, 
if possible. In any case, the positions should be chosen so 
near the apparatus producing the noise that the effects of 
wall reflections or other environmental conditions are a 
minimum. Then shut down the apparatus and measure 
the ambient sound level of the room. 

25. Further procedure will depend on which of 4 dif- 
ferent types of situations are encountered. 


(a). Apparatus noise much lower than the ambient noise, indicated 
by no change in reading when the apparatus is shut down. The 
readings of the apparatus noise in this case are not correct, and indi- 
cate only that the apparatus noise does not exceed ambient noise 
level. 


(b). Apparatus noise higher than ambient noise. If the apparatus 
noise is more than 6 decibels above the ambient level (as will be the — 
case when the apparatus plus ambient, and the ambient, levels 
differ by more than 7 decibels) the apparatus noise is affected but 
slightly by ambient. In this case, it will be desirable to compare 
the ambient noise level in this particular location with the ambients — 
of similar installations elsewhere, and also the apparatus noise level 
with that of similar apparatus when measured in the factory under — 
standard test conditions. 


(c). Apparatus noise of same order as ambient noise. Under these 
conditions the sound level of the apparatus may be approximated 
by the use of the following table which is based upon the fact that 
the sound level meter adds the weighted energies of the various 
sounds that reach the microphone. 


(d). The effects of wall reflections and other environmental condi- 
tions may be determined by comparing readings at different posi- 
tions in the vicinity of the apparatus with those at the standard 
positions. If the reduction of sound level with respect to distance 
deviates considerably from that obtained under free field conditions, 
or if marked variations in sound level occur from point to point, 
sufficient measurements should be made to establish the general 
character and location of local increases in sound level. These 
may be produced by reflecting surfaces, structure-borne noise 
transmission, focal points of reflections, etc. 


The American Engineering Council 


An Outline of Some of the Problems, Policies, and Activities 
of This Jointly Sponsored Engineering Agency 


By A. A. POTTER 


President, American Engineering Council 


INTEREST in co-operation among different engineering 
groups and the need for an agency to provide, on behalf 
of our profession, tangible service to public agencies, 

prompted, in 1920, the organization of the American Engi- 
neering Council with Herbert Hoover, then Secretary of 
Commerce, as its first president. From its very beginning 
it has been an organization of organizations intended to 
aid the engineering profession in presenting a united front 
in matters of interest to our government and to the public. 
While the Founder and other major engineering societies 
have been aiding in professional development of the engi- 
neer, the American Engineering Council has been supple- 
menting their efforts by relating the engineering profession 
to public welfare and by making our government, as well 
as the public at large, conscious of the value of the engi- 
neers’ services and contributions. It has served during 


A report to the Council of the American Society of Mechanical Engineers, read 
at its semi-annual meeting, Detroit, Mich., May 17, 1937. Published by per- 
mission A.S.M.E. 


Doctor Potter, dean of the schools of engineering and director of the engineering 
experiment station, Purdue University, Lafayette, Ind., and past-president of 
the American Society of Mechanical Engineers and of the Society for the Pro- 
motion of Engineering Education, now is serving his second term as president of 
American Engineering Council. 
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the past 16 years as a clearing house for questions of 
public nature which require technological knowledge and 
engineering experierice, and it has acted as an advisory 
body for the various engineering societies in connection 
with problems of government. At the same time the 
American Engineering Council has been an agency of in- 
quiry into economic and social problems as affected by 
technology. 


Four Major Functions 


The major functions of the American Engineering 
Council are performed through four groups of committees, 
which are concerned with public affairs, engineering eco- 
nomics, operations within the Council, and united action 
of its member societies. These committees, through 17 
subcommittees, are in close contact with trends in the 
conservation and utilization of our national resources, 
relation of the engineer in private practice to government, 
patent legislation, public works, aeronautics, surveys and 
maps, rural electrification, merit system in public service, 
inquiries in the fields of social and economic activities of 
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our country, and similar problems in which engineers may 


have opportunities for co-ordinated action. 

The problems of the American Engineering Council 
have taken a new slant since 1934. Instead of the normal 
process of legislation on engineering matters, the AEC 
has had to work during the past 3 years with a group of 
administrative departments, whose legislative authority 
and funds had been established by administrative order, 
Government departments and bureaus had to be “reedu- 
cated” about the American Engineering Council, and its 
work had to be changed from an orderly process of com- 
mittee reports and committee hearings and procedures to 
the specific acts of keeping up with rapidly changing con- 
ditions. 

Much of the work of the American Engineering Council 
had to go unreported because it had to do with contacts 
and associations with individuals in the government, and 
one of its main tasks had been to make and keep friends 
with the constantly changing and greatly expanding 
agencies of the government. Much of the work had to be 
confidential and some intangible, but a few of the high 
points may be discussed. 

The American Engineering Council has had a constant 
demand for engineers from government agencies and a 
large portion of the time of the staff had to be devoted to 
employment problems for the government bureaus and 
departments. This service included not only the recom- 
mendation of engineers to the various government agen- 
cies but also aid to administrative agencies in planning 
the handling of such work as emergency mapping under 
the WPA, Rural Electrification Administration programs, 
Rural Resettlement plans, and NRA codes. 

The American Engineering Council is constantly being 
consulted as to salaries to be paid to engineers and is 
guided in such requests by the reports of the Founder 
member societies. It is also invited to suggest names of 
consultants for various enterprises. 

The American Engineering Council has been instrumen- 
tal in placing numerous engineers in important consulting 
and line engineering governmental positions, those ap- 
pointed to such positions seldom knowing the part that 
the AEC has played in placing them, as it has always been 
careful to submit a number of names and not to promote 
the employment of any particular individual. 

As part of this employment service, the American Engi- 
neering Council had attempted also to analyze and to 
make a survey of the employment of engineers by govern- 
ment, classified by divisions. Government bureau chiefs 
are fully appreciative of this service and realize that ad- 
vice and recommendations by the American Engineering 
Council are based solely upon the ability and technical 
competence of engineers and not on questions of political 
preferment. 

During the past few weeks, at a request of one of the 
national member societies, the American Engineering 
Council made an exhaustive examination of those laws, 
regulations, interpretations, and procedures affecting the 
engagement of technical talent and engineering Service 
by the federal government outside of the civil service. 
Conditions in more than 30 of the principal agencies known 
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to be using technical talent were investigated, and the 
results when finally compiled, should prove of great value 
to the engineering profession. 


Advice on Policy 


The American Engineering Council has been called for 
service in connection with matters of policy affecting 
emergency government setups. A concrete illustration 
is its relation to the National Resources Committee. Im- 
mediately after this committee was set up, as the National 
Resources Board, the executive secretary made con- 
tact with its chairman and director. This was followed 
by a conference with the chairman, arranged by the 
American Engineering Council, at which were present 
the secretaries of the member national societies and from 
which grew out contacts which closely related engineers 
to the work of this committee. 

Many of the earlier reports of the American Engineering 
Council on such questions as flood control and the policies 
for the development of water resources were transmitted 
to the National Resources Committee and the recommen- 
dation of this new agency of government has reflected, in 
part at least, the recommendations of the member organi- 
zations of the American Engineering Council and of its 
committees. Specifically, the proposal for improvement 
in collecting water-resources data and the whole question 
of the development of water resources on the basis of 
conception of the “‘water shed,” rather than on the basis 
of states alone, were in the earlier reports of the American 
Engineering Council. 

The authors of the number of reports issued by the 
National Resources Committee were recommended by the 
American Engineering Council. Even the most recent 
report, ‘‘Technological Trends and Their Social Implica- 
tions,’ has been influenced by advice from the American 
Engineering Council. 


Mapping and Surveying 


This is a matter which is having the active interest of 
the American Engineering Council and has been helpful 
in educating the Budget Bureau on the value of an ade- 
quate mapping program. The American Engineering 
Council has worked with the Federal Bureau of Surveys 
and Maps in rounding up the opinions of organizations 
with reference to this program. Its aid to individual 
states has resulted in definite progress. A concrete ex- 
ample is Indiana which has appropriated a considerable 
sum at the 1937 session of its legislature for mapping. 


Various Interests 


The Upstream Engineering Conference, the Third 
World Power Conference, and the plans for the World 
Management Conference are examples of activitites by 
the American Engineering Council in the interest of united 
action. 

The American Engineering Council, through a com- 
mittee of which a secretary of a Founder society was chair- 
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man, was instrumental in this study by the Bureau of 
Labor Statistics of the United States Department of 
Labor. This study made available data regarding 60,- 
000 engineers with reference to such questions as employ- 
ment conditions, compensation, and distribution in dif- 
ferent fields. 


Engineering Economics 


The activities of the American Engineering Council in 
studies in engineering economics have been helpful in 
projecting the engineering profession into the fields of 
thinking and action relating to our national social, eco- 
nomic, and industrial questions. Among the early con- 
tributions of the Council in this field may be mentioned 
the reports on ‘‘Waste in Industry,”’ which had a profound 
effect upon the conduct of industry the world over; the 
“Twelve-Hour Shift in Industry” (1921), which demon- 
strated the merits of the shorter working day; ‘‘Civil 
Aviation” (1924), which focused the national point of 
view upon the development of commercial aviation; 
“Radio Broadcasting,’ which was instrumental in bring- 
ing about present policies and practices; and ‘Water 
Resources,’ which was helpful in appropriations for the 
installation of the national hydraulic laboratory. 

Among the recent engineering economic studies of major 
value may be mentioned the inquiry of the balancing of 
forces which has greatly influenced economic thought and 
action during recent years. 

There is need for accurate knowledge to show the real 
effect of science and technology upon social security; 
such information should go a long way in overcoming the 
present tendency to make the engineer the major scape- 
goat of our social ills, by showing that engineers create 
employment, wealth, comfort, values, and other factors 
which definitely contribute to social security. The Ameri- 


can Engineering Council is now endeavoring to ally itself 
with representative economists, sociologists, and statis- 
ticians in order to study questions of this type and to guide 
in the public interest some of the questions of larger policy 
which lie in the fields of both engineering and economics. 

There is also need for factual reports, for the benefit 
of the public, by committees of leading engineers on the 
engineering projects of our government. Engineers have 
an opportunity to show, through nonpartisan and unbiased 
services, their competency and integrity, and to make the 
public more conscious of engineering contributions. The 
American Engineering Council hopes that before long it 
will be in a position to finance the preparation and distri- 
bution of more reports, on behalf of our profession, which 
bear upon public welfare. 


National Problems 


The American Engineering Council is concerned with 
national questions to which engineers may contribute 
co-operatively and in problems in which the engineering 
societies may have opportunity for co-ordinated action. 
It is not a super organization intended to manage or to 
interfere with the autonomy or with the specialized fields 
of it member societies. It is striving to serve the public 
and to bring about a better appreciation on the part of all, 
and particularly of government agencies, of the importance 
and value of the engineer’s contributions. It is endeavor- 
ing to bring about concerted action on the part of engineers 
in public questions of national scope, and a definite interest 
on the part of the engineering profession in a well- 
balanced social structure and good government. By rep- 
resenting the engineering profession in matters of public 
welfare, government, and of joint interest to all engineer- 
ing societies, the American Engineering Council serves 
the engineer and the public. 


The Making of Industrial Physicists 


HE human material for the construction of an indus- 

trial scientist may be qualitatively described with 
considerable ease; but to write for it an engineering speci- 
fication with inspection techniques and with prescribed 
tolerances is at present impossible. Unless, however, 
we would credit evolution with having changed human 
nature within the times of recorded history we will agree 
that, despite his specialized training, modern scientific 
point of view, and wealth of precise instruments, the in- 
dustrial scientist of today is the man of yesterday and of 
yesteryear and so on back into prehistoric days. What 
did this type of human being do in the past? Was he king 
or priest? Captain or explorer? Medicine man or scribe? 
Trader or pirate? None of these. He was thinker and 
craftsman. His was the type that invented the wedge, 
the inclined plane, the lever, and the screw. He surveyed 


1184 


Potter—American Engineering Council 


and built the pyramids; designed and constructed tri- 
remes, roads, and aqueducts; shaped the tools of his day; 
and led the way from stone to bronze to steel. 

His urge was the instinct of workmanship, a pleasure in 
the act of creation or construction which is its own re- 
ward. Neither driven by acquisitive instinct nor mad- 
dened by lust for power or fame, his satisfaction was his 
work; he sought little reward; and died unknown. More 
practical than the philosophers; spending little of his time 
in teaching or writing; and no follower of the Muses, he 
burned with a quiet steady flame of the same divine fire 
that suffused the great teachers and poets of his time. 
The captains and the kings depart; but what he wrought 
is the hidden basis of our material grandeur. 

From a paper presented by John Mills (A’1l, F’28) director of Publication, 
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The Selection and Training of Engineers 


A company may choose an engineer, or the engineer may choose 
a company; certain qualities should be sought in either instance 


By A. M. MacCUTCHEON 


PRESIDENT AIEE 1936-37 


nite, and comprehensive conception of an engineer is 

essential. The dictionary definition ‘‘one versed in 
or practicing any branch of engineering,’ does not meet 
the requirements. Several practicing engineers sub- 
mitted definitions, the most amusing of which was, “an 
engineer is a man who can do with one dollar what any 
man can do with 2 dollars.’’ An engineer’s wife felt that 
“an engineer is one with whom it is rather difficult to live 
but quite impossible to live without.’ Of the definitions 
submitted, the following was the best: ‘‘an engineer is 
one who through training, study, and practice success- 
fully adapts and controls the materials and forces of na- 
ture to the benefit and advantage of himself, his fellow 
engineers, and the rest of the human family.’’ This is 
quite similar to that prepared by the American Engineer- 
ing Council, “‘engineering is the science of controlling the 
forces and utilizing the materials of nature for the benefit 
of man and the art of organizing and directing human 
activities therewith.”’ 

Two young men were presenting to a general in the 
Army Engineering Corps the design of a new and novel 
pump, and hoping for its adoption. He was not interested 
because the pump had not been proved. In answer to 
their inquiry he assured them that he considered him- 
self an engineer and one of the young men stated, “ 


[: CONSIDERING this subject a clear, concise, defi- 


an 
engineer is one who can tell whether a thing will work be- 
fore it has been tried, for any fool can tell afterwards.”’ 

Each young engineer in training and each engineer en- 
gaged in their training should have a clear conception of 
“an engineer’ for that is what their combined effort is 
intended to produce. Engineers are often charged with 
being poor salesmen and in some cases this criticism is 
justified, since they are poor salesmen of themselves and 
their services. Their engineering should be to the ad- 
vantage of themselves but this viewpoint should not be 
overemphasized. Today each engineer should ask him- 
self whether his engineering is in the interest of the human 
family and if it is not, is he in the truest sense an engineer. 
Society should recognize that the engineer should be 
suitably rewarded for his engineering efforts and achieve- 
ments, since otherwise able young men will not continue 
to enter the profession. 

Selection is defined as the act of choosing. Shall the 
young engineer be chosen by the company, or the company 


Essentially full text of an address presented before many AIEE Sections, and 
published in response to numerous requests. 
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chosen by the young engineer? This will depend upon 
the relative standing of each, compared with the others in 
their field. To a young engineer, it is most important 
whether he will select a job or whether he will seek one. 
If his standing and achievements among his fellows are 
high, he will usually have the privilege of selection. Fol- 
lowing are the qualities which a company seeks in a young 
engineer, listed in approximately the relative order of 
importance: integrity, dependability, determination, re- 
sourcefulness, forcefulness, adaptability, co-operativeness, 
diplomacy, friendliness, broadmindedness, and knowl- 
edge. While the last quality is of great importance to a 
company selecting a man, the first 10 may be even more 
important. The more knowledge possessed by a man, 
the more valuable he will be but of all these 11 qualtities 
a deficiency in knowledge is most easily remedied. If 
the young engineer has the privilege of selection, it is just 
as important that the company he selects should possess 
the first 10 qualifications and to these should be added: 
an able and experienced personnel and leadership, a good 
financial standing, and a definite record of accomplish- 
ment. In either case the decision should be based on the 
probable situation 10 years later. No young man should 
be satisfied to be an average engineer unless his definition 
is analogous to Sam’s definition of an average tip. 

A clergyman, unused to traveling, was making the 
trip from Birmingham to New York. He was pleased to 
find that the Pullman porter had, at one time, been the 
sexton of his church. Throughout the journey Sam took 
good care of the minister and as Sam was brushing him 
off, while crossing the Jersey meadows, he asked Sam 
about what was the average tip that a traveler gave in 
going from Birmingham to New York. Sam answered, 
‘Well boss, the average tip is about $5.”’ As the minister 
left the train he handed Sam a $5 bill. Sam’s eyes popped 
and he said, ‘‘Boss, you is the first man what ever come up 
to the average.” 

When a company selects a young man, graduating 
from technical school, it should consider the record of his 
accomplishment even as far back as when he was in high 
school. It should consider his standing among his fellow 
students. If he is respected, admired, and followed it is 
likely that his business associates will respect him and 
follow him. During his time in college what did he do 
for his class, and what did he do for his college? This is 
of importance as an indication of what he is likely to do 
for his company. His scholastic standing is of much im- 
portance for he has gone to a technical college with a defi- 
nite purpose and if his standing has not been good he has 
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failed in his purpose. This is an indication that he will 
rot be successful in his purpose after graduation. Mem- 
bership in such societies as Tau Beta Pi or Eta Kappa Nu 
is of importance as an evidence of accomplishment but 
scholarship is not the only qualification to be considered 
for he may be an excellent scholar and definitely lack in 
the other 10 qualifications. 

If the young man is to have the privilege of selection 
he should consider the accomplishment of the company in 
the business which it has been carrying on, and its 
standing with its competitors, for if the competitors 
do not think well of a company it is questionable whether 
it is truly successful. He should consider the com- 
pany's activities in connection with the professional and 
trade societies having to do with and endeavoring to ad- 
vance the interests of that class of business. If a com- 
pany is not interested in such activities it is not doing 
its part in the development of the broad field of its 
activity. Lastly, he should consider the salary which is 
being offered by the company. While this is important 
it should not be overemphasized. Of far greater impor- 
tance is the salary which he will receive 10 years later. 

The company should offer a salary competitive with 
other companies in its line of activity. While many 
individuals give far too much consideration to the matter 
of salary, some give too little. The salary received is 
the most tangible evidence of accomplishment. While 
an engineer should receive a salary commensurate with 
the contribution that he makes to the success of the com- 
pany, he should recognize that fair salaries cannot be paid 
unless the company is successful. A broadminded engi- 
neer may willingly accept a relatively low salary over a 
considerable period and without dissatisfaction because 
he believes in the ultimate success of the company and 
that when this success is achieved, the company will 
suitably recognize his contribution in making the company 
successful. If an individual is not satisfied with his finan- 
cial return, and is convinced that the company is not 
and will not be fair to him, he should not stay with that 
company for one of the greatest deterrents to a man’s 
success is a long continued dissatisfaction with his financial 
return, about which he does nothing constructive. If a 
young engineer selects the right company and makes him- 
self so valuable that he cannot be replaced without a 
considerable penalty, he will usually have to give very 
little consideration to the matter of financial returns. 
Great weight should be given to the financial standing of a 
company, and of particular importance is the record dur- 
ing such a period of business depression as existed from 
1930 to 1934. 

In the selection of young engineers, company repre- 
sentatives should make trips to the educational institu- 
tions and study the young men in their student environ- 
ment. Many companies have done this for years, and 
the practice is becoming almost universal. It is equally 
as desirable that the young engineer should visit com- 
panies in order to prepare himself for the making of an 
intelligent decision. Because of limited finances, uni- 
versity restrictions, and lack of experience, the young 
man is handicapped in such an investigation. Twenty 
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years ago a technical graduate was not discouraged if he 
had not located, by the time of graduation. This time 
of selection has gradually moved backward. Those men 
and companies, whose records of accomplishment permit 
them to be the selectors, have usually made their decision 
prior to the first of April. Certain advantages would re- 
sult from a mutual agreement between the technical 
schools and industrial organizations that December should 
be a period of contact and investigation with decision to 
be reached early in March. The Christmas holidays offer 
an opportunity for the visiting of plants and the period 
immediately before and during the midyear examinations 
should be free from interruption. Some specialization 
during the last semester would be possible. Several com- 
panies are now offering to the young engineer who is so 
fortunate as to be in that group which has the privilege 
of selecting, the opportunity of visiting the plant that he 
may familiarize himself with the activities and the person- 
nel of the company, and decide whether the association 
would be mutually advantageous. 


Training Before Graduation 


The larger part of the technical training of the young 
engineer is received in the technical school prior to his 
selection and necessarily independent of the company 
with which he is to be associated or the particular type 
of work in which he will engage. Such generalized train- 
ing is broadening but not so immediately useful as train- 
ing of a more specialized type. There should be a suf- 
ficient amount of specialized training as to develop a 
proper concéption of the intimate relation between training 
and accomplishment. Broad technical training should 
be continued after graduation and still closer contact and 
co-operation between educators and industrial manage- 
ments is most desirable that the training before and after 
graduation may be fully co-ordinated, the one supplement- 
ing the other. 

Comments made by one connected with a manufactur- 
ing company, on the training prior to graduation, are 
made from a narrow viewpoint and are offered only as 
suggestions for the consideration of the engineer educators 
whose lives are devoted to the training of young engineers 
and who are intensively studying the technique of engi- 
neering education. 

Admiral Sims, in his story, so effectively illustrates the 
influence of a varying viewpoint. A young American was 
ordered to England to take charge of the London office. 
He met and married a delightful English lady whose 
mother was strongly pro-British. Many arguments re- 
sulted between the young man and his mother-in-law as to 
the relative merits of the 2 countries. In the course of 
time a daughter was born and some 3 years later the father 
was ordered back to the States. On the evening before 
they sailed, the mother-in-law requested the privilege 
of putting her granddaughter to bed. She descended the 
stairs smiling broadly and said to her son-in-law, “You 
should have heard your little daughter’s good-night prayer. 
‘Goodbye God, we’re going to America tomorrow.’ ”’ 
“But,” said the son-in-law, ‘‘what she meant was—‘Good, 
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& God we're going to America tomorrow.’ ”’ 


To one in manufacturing it sometimes seems that the 


_ technical schools still lay more emphasis on the giving 
and acquiring of information than on the methods of 
_ proper engineering attacks, engineering analysis, and the 


securing of engineering information. While the imparting 


_ of knowledge to the young engineer is of great importance, 


_ instruction in the proper application of the “engineering 


method” is of still greater importance. Because of the 


necessary generalization much of the information gained 
is not usable after graduation. Training in the engineer- 


_ ing methods is most valuable no matter with what com- 


_ available for consultation. 


pany the young engineer may be associated. As a simple 


example of a somewhat unusual training, consider the 
course given in Columbia by Professor Lucke to a group 
of electrical engineers who had requested a course on gas 
engines. Most of the work was done in the laboratory 
where there were 10 gas engines. Under Professor Lucke’s 
direction the laboratory assistant did something to each 
of these gas engines so that they would not properly func- 
tion. The students were divided into 10 squads; each 
squad assigned to a particular engine. The problem was 
to determine what was wrong with the engine, make the 
necessary correction, and leave the engine running prop- 
erly. Text books, specifications, and diagrams were 
Both Professor Lucke and the 
laboratory attendant would answer any questions which 
might be asked with one exception, “‘What is wrong with 
this gas engine?’ There was an intense competition as 
to which group would first have their engine functioning 
properly. These electrical men received an unusual 
training in how to attack an engineering problem, analyze 
it, and solve it. The qualities of determination, resource- 
fulness, forcefulness, adaptability, co-operation, diplo- 
macy, and friendliness were being developed in each one 
of the students. 

In each engineering school should there not be a course 
“how to get results. How to handle other people and 
get them to do what you wish them to do?” Such a 
course would give valuable training to any man, particu- 
larly to engineers; a course just as valuable to the design 
or research engineer as to the engineer who would later 
serve in an executive capacity. The ability to handle 
people and get results is subject to development through 
training and this training is greatly needed by all engi- 
neers. Sucha course might be given by the case method so 
successfully used in the training of lawyers. Successful 
executives would undoubtedly co-operate by giving lec- 
tures, citing unusual instances of results secured through 
properly approaching, informing, and co-operating with 
others. The best engineering plan has little value unless 
the engineer can convince others of the soundness of the 
plan and persuade them to use it. The following is a 
simple illustration of securing results and properly han- 
dling other people. An important new machine was being 
designed. Successively the designer compelled himself to 
view the design as a member of the sales department, the 
manufacturing department, the service department, 
and, most important of all, as the user. He prepared a 
series of briefs summarizing the design from each view- 
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point. He presented the appropriate brief to at least 
one in each of these groups and asked for criticism and 
suggestions. He adopted any suggestions that seemed to 
him practicable. He avoided any prolonged arguments, 
but stated in writing why certain suggestions could not 
be adopted. All of this was done before the routine de- 
livery of drawings and specifications. Each interested 
group was prepared for and committed to solving their 
problems in connection with the design before the prob- 
lems actually reached them. Throughout the manu- 
facture, tests, installation, and final operation, the design 
engineer stood ready to give information, answer ques- 
tions, and render assistance. The design was highly com- 
mended by all who came in contact with the machine. 
While this designer held an important position in the 
organization, he was not an executive. Often engineers 
have been handicapped by failure to recognize who should 
be consulted and who should receive information. 

In most technical schools there are a certain number of 
shop courses and at least some of these should be retained. 
The young engineer should receive a training in manual 
dexterity and this can best be accomplished prior to the 
age of 23. The theoretical and the concrete should always 
be associated. 

If such work is to be retained, should not the electrical 
department specify shop courses directly related to 
electrical equipment; and should not each electrical 
engineer in training experience the thrill of designing, 
building, and testing at least one piece of such equipment? 
While the primary purpose of the technical school is a 
thorough grounding in the technical fundamentals, and 
with only 4 years allowed for all that is to be accomplished, 
will not a certain number of shop courses, properly co- 
ordinated, so effectively supplement the technical training 
as to give a better result with the same effort? 

The training of the young engineer by the company 
which he has selected or which has selected him, is equal 
in importance to the training while in the technical school. 
The course should be carefully planned before the young 
men enter the company’s employ and in consultation with 
the professors in the technical schools who have given 
their lives to the training of engineers. The course should 
be open to modification upon suggestions from the young 
men in training. There should be a sympathetic interest 
on the part of all departments in the organization and to 
this end each department should clearly understand the 
value of such training in the interest of the company. 
Lectures should be given by the company executives ac- 
quainting the group in training with the history, the de- 
velopment, the ideals, and the policies of the company. 
Some time should be spent in every department and, in 
addition, there should be visits to the plants of customers 
where the young engineers can see machines which the 
company makes, in actual operation. In this way they 
can be acquainted with the customer’s viewpoint. 

Both the company and the group in training should 
recognize the necessary compromise between the theo- 
retical and the practical. The primary purpose of the 
organization is the manufacture of the product and while 
the training of the young engineer is of importance there 
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are times when this training must suffer if it conflicts with 
the primary purpose of the organization. 

The American Institute of Electrical Engineers ef- 
fectively participates in the training of young engineers. 
In most of the engineering schools, student branches 
have been established and these are an integral part of 
the AIEE. Within the branch, technical papers are pre- 
pared and presented, affording valuable training to the 
young engineer who prepares the paper and valuable in- 
formation to the other young engineers who hear the 
paper presented. To the student member of the In- 
stitute is available ELecrricAL ENGINEERING, contain- 
ing the technical articles presented before the national 
and regional conventions. 

Engineers are sometimes prone to neglect the human 
relationships and one of the most delightful privileges of 
an engineer is to meet with other engineers and exchange 
ideas. This opportunity is offered through the AIEE 
Branches while the young man is in technical school and 
through the local Sections after he has joined a commercial 
organization. 

The most effective agency in the training of a young 
engineer is the engineer himself. He has more to do with 
his training than the technical school or the company with 
which he is associated. The arranged training courses 
simply present an opportunity that he may effectively 
train himself. In accomplishing this training he should 
grasp every opportunity to become acquainted with all 
others in the organization, including the workman in the 
plant. He should accept every opportunity for contact 
with outside engineers. He should join in the work of 
the professional organization of engineers in the city where 
he lives. He should seek to find answers to every un- 
answered question in his mind about the company’s prod- 
uct. He should never walk through the plant without 
asking himself what he can find out that he has not pre- 
viously known. What aman learns for himself, he seldom 
forgets. He should feel free to make suggestions, for 
he has a fresh and uninfluenced viewpoint. 

One of the most important phases in the training of an 
engineer is to develop in him the probability of being 
right. While no engineer will always be right, this is the 
limit which he should strive to approach. The closer he 
comes to the limit, the more successful he will be. In 
his endeavor to approach this limit, he should remember 
that there is a great value in what may be termed ‘‘second- 
ary checks.”’ A secondary check may be defined as a 
brief comparison between the solution of a new problem 
and the proved solution of a somewhat similar problem, 
which comparison will indicate, at least qualitatively if 
not always exactly quantitatively, whether the new solu- 
tion is correct. Through a free use of secondary checks 
costly errors will often be avoided. 

The young engineer should be trained in how to accept 
and delegate responsibility. He should recognize that 
no man should be asked to accept responsibility without 
having a corresponding authority. A leading executive 
once said, “‘the president of a company is responsible for 
the work of every man in that company; the chief engi- 
neer for the work of every engineer who reports to him; 
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each engineering division head is responsible for the work 
of everyone in his division; the chief draftsman respon- 
sible for all the work of the drafting room including that 
of the blueprint boy.’’ This is the correct theory of re- 
sponsibility looking from above downward. On the other 
hand, looking from below upward, the blueprint boy 
should be trained to feel responsible for everything regard- 
ing blueprints and blueprint service. The draftsman 
should feel responsible for every drawing he makes. While 
he should accept advice from the man above him, he should 
consider the finished drawing as his, for which he alone 
is responsible. Accepting responsibility for the work of 
all the men under him, the chief engineer should not 
feel that the president above him is responsible for the 
engineering. He should ask for and welcome advice and. 
guidance, but the finished engineering he should consider 
as his, and his responsibility. A close following of this: 
theory of responsibility should produce unusually good. 
results. 

In any course of training there should be sincere co- 
operation between the technical school, the company, and 
the young engineer himself. From Columbus comes a 
story illustrating an unusual degree of co-operation be- 
tween engineers. 

A Columbus engineer was called to Dayton and advised 
his wife he would return about 11 o’clock that evening. 
His wife was tired and retired at 9 p.m. When she awoke in 
the morning she found that her husband had not returned. 
She became deeply concerned, made a list of 20 engineers. 
living in Dayton and who were acquainted with her hus-. 
band and to each one of the 20, sent an identical telegram, 
“Do you know where John is, or what he is doing?’” 
John’s automobile had given trouble so that he had stop- 
ped in Dayton for the night and had the necessary repairs 
made the following morning. He reached home about 
10a.m. About 11 o'clock the wife began to receive replies. 
to her telegrams. Exactly 20 replies were received and 
each reply said the same thing, ‘‘Do not worry; John is. 
spending the night with me.” 

A company which selects a young electrical engineer 
owes to him a deep responsibility for they are influencing 
his whole life. They should not invite him to join the 
organization unless there is likely to be an opportunity 
such as he deserves. They should never forget their re- 
sponsibility to him. They should offer to him every op- 
portunity for development and should endeavor to give 
him a suitable financial return. On the other hand, the 
young electrical engineer should also fully realize the: 
measure of his responsibility. He has accepted a position 
which would have been offered to another man. He: 
should use every effort to fully measure up to the oppor- 
tunities which are open to him. He should recognize 
that no company should offer an opportunity to a man 
who does not earn it and that his opportunity with the 
company largely depends upon his contribution to the. 
company. If there is the fullest co-operation between 
the company, the technical school, and the young engineer 
himself, the engineering profession should be carried 
to far greater heights than have ever been reached in 
the past. 
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EPORTS from 52,589 
professional _ engineers 


‘Statistics, in its survey of the 


income data to many aspects 


Engineering 


to the Bureau of Labor 


engineering profession,! under- 
taken at the request of the 
American Engineering Council, 
make it possible to relate the 


of professional engineering 

activity. These income data 

are probably the most comprehensive ever presented in 
regard to a professional group. The following general 
findings appear from analysis of the reports. 

In 1929, 50 per cent of the 30,032 reporting engineers 
earned more than $3,412, and 50 per cent earned less 
than that amount. Twenty-five per cent earned more 
than $5,012, but only 10 per cent had incomes in excess 
of $7,466 per annum. On the contrary, 25 and 10 per 
cent of the engineers earned, respectively, less than $2,509 
and $1,878 per year. 

Comparison of the incomes for 1932 and 1934 with those 
reported for 1929 shows that from 1929 to 1934, the sharp- 
est absolute declines occurred in the 2 higher income 
groups. Their percentage decreases were least, however, 
averaging 31.2 and 31.6 per cent, whereas the middle 
values of income declined by 33 per cent, and the 2 lower 
levels by 41.3 and 53.6 per cent, respectively. 

Almost two-thirds of these decreases in earned annual 
income occurred between 1929 and 1932. There were 
further decreases from 1932 to 1934. 

Among the several professional classes, the divergences 
in earning capacities were most marked in the higher 
levels of income. Furthermore, the ranking of the pro- 
fession on the basis of earnings opportunity was the same 
in the highest 10 and 25 per cent only. 

In 1929, without regard to the age distributions of the 
different classes, 10 per cent of the mining and metal- 
lurgical engineers earned more than $9,912 per year, 
chemical and ceramic. engineers ranked second with 10 
per cent earning more than $9,103, and were followed in 
order by mechanical and industrial engineers ($8,508), 
electrical engineers ($7,185), and civil engineers ($6,507). 
At the upper 25 per cent level, mining and metallurgical 
engineers reported earnings of $6,301 per year, and those 
of the other professional classes ranged from 4 per cent 
lower for chemical and ceramic engineers, to 28 per cent 
lower for civil engineers. This order of professional 
classes was also maintained in 1932 and 1934. 


1. An article prepared by Andrew Fraser, Jr., of the Division of Hours, Wages, 
and Working Conditions, Bureau of Labor Statistics, United States Department 
of Labor, which article was published in the August 1937 issue of Monthly Labor 
Review. Articles reporting other phases of this survey were published _in 
ELECTRICAL ENGINEERING as follows: “Professional Aspects of Engineering 
Education,’’ August 1936, pages 863-7; ‘‘Unemployment in the Engineering 
Profession,’”’ February 1937, pages 216-23; “Employment in the Engineering 
Profession,’’ May 1937, pages 524-31; ‘‘Security of Engineering Employment, 
June 1937, pages 655-61. A detailed report of the survey will be published 
later in bulletin form by the Bureau of Labor Statistics. 
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In this, the fifth article’ of a series reporting 
a survey of employment in the engineering 
profession by the United States Bureau of Labor 
Statistics, income data for engineers of various 
professional classes and ages are presented, 
based on information given for the years 1929, 
1932, and 1934. Comparisons may be drawn 
among professional classes, ages, and educational 
backgrounds. 


Engineering Income and Earnings 


Income and Earnings, 1929-34 


In 1929, the earnings of 
the mining and metallurgical 
engineers were highest in the 
middle and 2 lower levels 
of income, while those of 
the electrical engineers were 
lowest. At these 3 levels, the 
earnings of the former were 
$4,010, $2,839, and $1,985; 
for the latter they were $3,277, 
$2,339, and $1,662, respectively. 
Over these 3 levels, the relative positions of the 3 re- 
maining professional classes changed. There were further 
shifts in 1932 and 1934. 

The data also show that, over the period 1929 to 1934, 
relatively the smallest shrinkages in earnings were reported 
by the civil engineers, while the chemical and ceramic 
engineers suffered the greatest reductions. Over the 5 
income levels, the former ranged from 29.0 to 47.2 per 
cent, the latter from 35.6 to 63.8 per cent. 

Analysis of the income data reported by all engineers 
in 1929, 1932, and 1934 shows that earnings advanced 
with age in 3 distinct phases, showing initial periods of 
exceptionally rapid rise, followed by 2 others of slower 
rates of increase. The age spans of these phases varied 
with the income level. 

With advancing age, the spread in earnings became 
most accentuated beyond the age of 38. Thus, at the 
ages of 44 and 60, the incomes of the upper 25 per cent 
differed from the median or middle value by 41.0 and 
51.0 per cent. The corresponding incomes of the upper 
10 per cent at these ages were greater than the median 
by 116.0 and 157.0 per cent. Even in 1932 and 1934, this 
advantage in earning capacity was maintained. 

The earnings of the engineers in the lower income levels 
ceased to increase at a relatively early age. These showed 
a level period before beginning to decline, whereas the 
higher levels of income showed continuous increases for a 
considerably longer period, after which, however, they 
declined at a much greater rate. 

Over the period 1929 to 1934, a rise in earnings occurred 
for the youngest engineers who were in the profession in 
1929 and who were 30 years of age or less in 1934. There- 
after there were progressively larger declines for the older 
engineers. 

Comparison of the earnings of engineers of identical 
ages in 1929 and 1934 shows that the average income of 
engineers who had been out of college for 2 years declined 
43 per cent. The income of those who had been out 5 
years declined 35 per cent. For older engineers the 
decline approximated 30 per cent. 

Consideration of the incomes reported by engineers of 
different educational backgrounds shows that those with 
a formal engineering education did receive a higher income. 
The differentials in earnings, however, did not accrue in 
equal measure for all 5 professional classes. 
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Table I. Comparison of Gross and Net Numbers of Older* and Younger** Graduate and ‘‘Other’’ Engineers Reponins 
Annual Earnings in 1934 


Without regard to employment status reported 


Graduate Engineers Other Engineers 


Younger Group Younger Group 
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* Includes all engineers who were professionally active prior to 1930. 
** Includes all engineers who entered the profession in the years 1930-32 and 1933-34. 


At about 28 years of age the ‘“‘other’’ engineers had lost 
an initial advantage in earning capacity. At that point, 
the 1929 earnings of the graduates ranged from $2,725 to 
$3,000 per year, those of the corresponding ‘‘other’’ 
engineers from $2,430 to $2,650. 

With advancing age, the spreads in earnings in favor of 
the graduates became very marked indeed. For example, 
at 5, 20, and 37 years after graduation, the earnings of 
first-degree mechanical and industrial engineers exceeded 
by $175, $925, and $1,322 per year those of the engineers 
of the same professional class whose college course was 
incomplete, and surpassed by $225, $1,160, and $1,815 
per year those of engineers with a noncollegiate technical 
school education. 

Even among the graduate groups there was variation in 
the increase in earning capacity between the several pro- 
fessional classes. Thus, the 1929 earnings of first-degree 
civil engineers who had been out of college for 5 years were 
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only $2,050 less than the earnings of those who had gradu- 
ated 30 years before, whereas the corresponding difference 
for chemical and ceramic engineers was $3,600. The 
ranges in earnings of the remaining graduate groups fell 
between those reported by the civil and chemical and 
ceramic engineers. 

In general, the earnings of the ‘‘other’”’ engineers ceased 
to increase at an earlier age than those of the graduates. 


Scope and Method of Study 


Analysis was made to determine the changes in the in- 
come and earnings of professional engineers during the pe- 
riod 1929 to 1934. The reports covered 2 distinct fea- 
tures of income for the years 1929, 1932, and 1934: (1) 
earned annual income received from all personal services 
and (2) average monthly compensation from engineering 
work only. The annual figures are a measure of what en- 
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fell Comparison of Gross and Net Numbers of Older® and Younger* * Graduate and ‘Other'’ Engineers Reporting 
Monthly Engineering Incomef in 1934 


Without regard to employment status reported 
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* Includes all engineers who were professionally active prior to 1930. 


** Includes all engineers who entered the profession in the years 1930-32 and 1933-34. 
+ In the text, ‘monthly engineering income” and ‘‘engineering income”’ are used interchangeably. 


gineers were able to earn during each of the 3 years. This 
was determined not only by the rate of earnings but also 
by the volume of employment. The monthly figures are 
a measure of the rates at which engineering services were 
purchased. 

Both income and earnings are shown in relation to (1) 
professional class, (2) age, (3) type of education, and (4) 
regional location. A discussion of earned annual income 
from all sources, by age, is included for engineers engaged 
in engineering work and also for those in nonengineering 
work, as well as annual income reported by those en gineers 
who were unemployed at the end of 1929, 1932, and 1934. 
Monthly engineering earnings, while treated similarly to 
annual income, can only be shown for the various types of 
engineering employment. The earnings of those engaged 
in engineering work are also shown in relation to size of 
city. 

From a consideration of certain pertinent aspects affect- 


SEPTEMBER 1937 


Engineering Income and Earnings 


ing the returns on income and earnings for 1929, 1932, 
and 1934, it is believed that these data are representative 
of the engineering profession as a whole. They have been 
shown to be representative as regards age, if allowance is 
made for the larger representation of engineers graduating 
in 1930 or later years. In analyzing the income data, as 
in the analysis of employment status, the samples of older 
and younger engineers? were combined on an adjusted 
basis to secure a cross section of the entire profession in 
1932 and 1934.? 

Without exception the several distributions of income 
follow a consistent pattern even when analyzed in detail. 


2. Older engineers comprised 15 per cent of all those who were professionally 
active prior to 1930. The age composition of this group was consistently uni- 
form with the corresponding data derived from the 1930 census on professional 
engineers. This was so for minor groupings of professional classes by 10 geo- 
graphical regions and for the country as a whole. The younger engineers in- 
cluded the information furnished by all those who entered the profession in the 
years 1930-34 inclusive. The returns for each of these years covered the same 
proportions (32.0 per cent) of the total number of graduations reported by the 
Office of Education. 
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Table Ill. Comparison of 5 Levels of Annual Earnings for All Professional Engineers Reporting in 1929, 1932, and 1934 — 


Figures derived from adjusted data as explained? and without regard to employment status reported or type of education 


Annual Earnings of More Than Specified 


Per Cent of Change 


Amount Increase or Decrease 
Per Cent at Specified 
Income Level 1929 1932 1934 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 
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Thus, the same type of distribution emerges when the data 
are analyzed by ages, by professional classes, or even on a 
regional basis. This is true of both annual income and 
monthly engineering income. 

The averages proved to be essentially the same, whether 
derived from a ‘“‘gross’’ or ‘“‘net’’ number reporting. The 
“gross’’ number reporting income is the total number of 
engineers who reported income in any one year, irrespec- 
tive of whether or not they reported in other years. The 
“net’’ number reporting income is the number who fur- 
nished information for all 3 years—1929, 1932, and 1934.+ 
In the income tables averages are derived from the “‘gross”’ 
numbers reporting. 

The “‘gross’’ numbers reporting earned annual income 
for 1934 and the “net”? numbers are shown compared in 
table I. These numbers are the totals of those returning 
questionnaires before any adjustment is made in the num- 
ber of the younger men. 

In each case, the base for computing percentages was 
the number reporting in the survey, that is, those engi- 
neers who reported a type of education.’ For all age 
groups, it will be noted that there were distinct differences 
between the “gross” and “‘net’’ percentages reporting in- 
come. The greatest divergences occurred among the 
1930-32 graduate and the 1907-09 “‘other’’ engineers. 
For the country as a whole, these were respectively 27.1 
and 11.5 per cent. On a national basis, older graduates 
differed by 7.3 per cent, older ‘other’ engineers by 7.6 
per cent. Despite these variations, a comparison of the 
corresponding measures of levels of annual income de- 
rived from the “gross” and “‘net’’ returns showed no sig- 
nificant differences. A similar situation was noted for 
the “gross” and “net” returns on monthly engineering in- 
come. 

In the ensuing discussion, the middle values of income 
were computed for groups with at least 10 engineers re- 
porting. For the upper and lower 25 per cent groups or 
levels, the measures were based on not less than 50, 


3. The procedure of adjustment adopted was similar to that outlined in the 
discussion of the distributions of employment status. The numbers of younger 
engineers reporting in each income class for 1932 and 1934 were reduced in the 
ratio of 15 to 32, and added to the corresponding figures reported by the older 
engineers in 1932 and 1934. 


4. In the case of the 1930-32 graduates and ‘“‘other’’ engineers born in 1907-09, 
the net number reporting income is the number furnishing data for the 2 years, 
1932 and 1934. In the case of the 1933-34 graduates and 1910-14 “other” 
engineers, income data for 1934 alone were relevant. Hence, there is no differ- 
ence between ‘“‘gross” and ‘“‘net’”’ data. 


5. The use of type of education as a base was felt to be justified because only 
104 of the 52,589 professional engineers reporting in this survey did not report 
their type of education. The 104 engineers however, did report their profes- 
sional class; and either year of graduation or year of birth. They were, there- 
fore, used for all purposes, except those dealing with type of education. 
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while the upper and lower 10 per cent groups embraced 
not less than 100 engineers. 


Earned Annual Income , 


The income data for 1929 were furnished by 30,032 
engineers, or slightly over 90 per cent of all reporting en- 
gineers who were professionally active prior to 1930. 
These data, together with the adjusted figures on earned 
annual income, without regard to employment status re- 
ported, for 1932 and 1934, are shown in table III. 

In 1929 the range in earned annual incomes among pro- 
fessional engineers was great. Some 60 reported incomes 
less than $800 per year, while 162 earned more than $19,- 
000 a year. In 1929, without regard to their age distribu- 
tion, half of the engineers had annual incomes greater than 
$3,412, while half earned less than that figure. However, 
25 per cent earned more than $5,012 per annum. Only 10 
per cent of the 30,032 reporting engineers had incomes in 
excess of $7,466 per annum. On the contrary, one-quar- 
ter of all engineers reporting earned less than $2,509 per 
year, and one-tenth earned less than $1,878 per year. 

From 1929 to 1934, marked decreases took place in the 
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able IV. Comparison of 5 Levels of Annual Earnings for All Engineers Reporting in Each Professional Class in 1999, 
. 1932, and 1934 


and without regard to employment status reported or type of education 


Figures derived from adjusted data as explained? 


Annual Earnings of More Than 
Per Cent of Professional Class at Specified Income Specified Amount Increase or Decrease Per Cent of Change 
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* Arranged in ascending order of earned annual income for 1929. 


| 


earned annual incomes of professional engineers. The cent of the engineers were less than $2,509 and $1,878, re- 
sharpest absolute declines occurred in the higher income _ spectively, by 1934 the former had decreased to $1,473, 
levels. Thus, in 1929, while the highest one-tenth of the the latter to $872. The relative percentage decreases 
engineers had earned more than $7,466, in 1934 the earn- were greatest for these 2 lower income levels, namely, 41.3 
ings of this highest-paid tenth ranged down to $5,138. and 53.6.° 
The middle income declined from $3,412 in 1929 to $2,286 Almost two-thirds of the decrease in earned annual in- 
in 1934. However, the percentages of decrease for the comes occurred between 1929 and 1932. This, it will be 
highest 10 and 25 per cent of reporting engineers were recalled, was coincident with the greatest declines in em- 
approximately the same, namely, 31.2 and 31.6 per cent, ployment. There were further declines in the period 1932 
respectively. The middle or average values of all in- to 1934. In general, the order of the absolute decreases 
comes declined by 33.0 per cent. At the lower income and the percentages of change followed those which took 
levels, the absolute declines were almost as great as was place in the period 1929 to 1934, the one exception being 
the decline of the median earnings; but the percentage that, between 1932 and 1934, there was only a 1.9 per cent 
decreases were greater. This decrease at the lower levels decline in the lowest income levels. The corresponding 
reflects not only salary cuts, but also the low earnings of absolute decrease was $17. 
those with long periods of unemployment. In 1929, while When these adjusted data on annual income were com- 
the yearly earnings reported by the lowest 25 and 10 per pared for all engineers reporting in the 5 professional 
classes, marked divergences in their respective earning 
Be A (oon Vena capacities were revealed. ot 
eay Peaduds aude nom These differences in earning capacity within the several 
ome == engineering services professional classes were greatest at the higher income 
' including full and levels. Thus, in 1929, nine-tenths of all electrical engi- 
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S Ane GRADUATION at least in the lowest brackets for which comparison is made. The question- 
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naire called for earnings during the calendar years 1929 and 1934. An engineer 
graduating from college in either year would usually have had only a half year 


i i i i i ri 1 rates 
i i rdin to in which he earned. In both years, there is some evidence that annua ! 
Figure a Medians of eatned annual pba iy Pe 3 were occasionally reported. Such overreporting was more common for 1929 


age, 1929, 1932, and 1934 than 1934. 
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_ $4,010 for mining and metallurgical and $3,277 for elec- 
trical engineers. However, at the highest level, one- 
tenth of the mining and metallurgical engineers earned 
$9,912 or more, whereas a corresponding proportion of 
civil engineers earned only $6,507 or more. Clearly, it 
was in the higher income levels that the earning capacities 
of the several professional classes diverged the most, even 
in terms of percentages. Furthermore, this characteristic 
of greater variability among the professional classes at 
higher levels persisted in 1929, 1932, and 1934. 

However, when the question is asked as to which pro- 
fessional class offers the greatest earnings, or which the 
lowest, the answer must be carefully qualified. In the 
first place, the averages shown in table IV relate to the 
total number in the professional class. For example, 
1,319 mining and metallurgical engineers reported in- 
comes for 1929, and of these one-tenth, or 132, had incomes 
of $10,000 or more. There were 13,424 civil, agricultural, 
and architectural engineers, of whom one-tenth, or 1,342, 
had incomes in excess of $6,507. Therefore, it may be 
concluded that of every 1,000 engineers in either profes- 
sional class, a larger proportion will earn $10,000 in mining 
and metallurgical engineering than in civil engineering. 


But the total number of opportunities to earn $10,000 were 
greater in civil engineering, much the larger of the 2 pro- 
fessional classes. Among the civil engineers reporting to 
the Bureau for 1929, there were 469 who indicated incomes 
of $10,000 or more in 1929. 

Again, the ranking of the profession on the basis of earn- 
ings opportunity relative to the number of engineers in 
the professional class was not the same at all levels and in 
all 3 periods. As regards the relative level of income for 
the highest 10 per cent, and also the highest 25 per cent, 
in each professional class, there was a constant relation- 
ship. Thus, in 1929, 10 per cent of the mining and metal- 
lurgical engineers earned more than $9,912. Chemical 
and ceramic engineers ranked second with 10 per cent 
earning more than $9,103, and were followed in order by 
mechanical and industrial engineers ($8,508), electrical 
engineers ($7,185), and civil engineers ($6,507). Relative 
to the mining and metallurgical engineers, the divergence 
was 8, 14, 27, and 33 per cent. A similar divergence was 
noted between the lower limit of $6,301 reported by the 
upper fourth of the mining and metallurgical engineers 
and those of the other professional classes. In 1929, these 
ranged from 4 per cent in the case of chemical and ceramic 


Table V. Comparison of 5 Levels of Annual Earnings on Age Basis for All Engineers Reporting in 1929, 1932, and 1934 


Without regard to employment status reported or type of education 


Proportion With Annual Earnings of More Than Specified Amount 
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. Comparison of 5 Levels of Annual Earnings for 5 Age Groups of Older* Engineers Reporting in 1929, 1932, 


and 1934 


: 
: 
( 
: 


Income Level 


Without regard to employment stat 


us reported or type of education 


Per Cent at 
Specified 60 in 
1929 


63 in 
1923 


65 in 
1934 


38 in 
1929 


4lin 
1932 


43 in 
1934 


30 in 
1929 


Engineers, With Annual Earnings of More Than Specified Amount, Whose Age Was— 


33 in 
1932 


35 in 
1934 


25 in 
1929 


28 in 
1932 


30 in 
1934 


231/o in 
1929 


26'/oin 28!/.in 
1932 1934 
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* Includes those engineers who were professionally active prior to 1930. 


engineers ($6,034) to 28 per cent for the civil engineers 
($4,508). This order of professional classes was also 
maintained in 1932 and 1934. 

In 1929, the relative order of the median professional 
incomes was the same as that just described, as regards 
mining, chemical, and mechanical engineers. But whereas 
the upper limit of the earnings of the lowest 25 per cent of 
the electrical engineers exceeded that of a similar propor- 
tion of the civil engineers by 6.6 per cent, at the median 
level the situation was reversed—half the civil engineers 
earned $3,291 or more, whereas half the electrical engineers 
earned $3,277 or more. This change in order persisted in 
1932 and 1934. 

In 1932 and 1934, the median earnings of mining and 
mechanical engineers led all the others. Chemical engi- 
neers were below mechanical engineers in 1932. The me- 
dian earnings of chemical engineers were lower than the 
median of every other professional class in 1934. 

At the lower levels the most marked shift in rank was 
that of civil engineers and chemical engineers. In 1929, 
one-quarter of the civil engineers earned less than $2,499, 
exceeding only the comparable earnings of electrical engi- 
neers. But in 1932, civil engineers were in second place as 
regards the level of earnings of the lowest quarter of the 
profession, and in 1934 they were in first place. Even in 


Annual Income Related to Age 


The effects of age upon earned annual incomes, for all 
professional engineers combined are presented in table V. 

This table makes it plain that the engineers’ earnings 
advanced with age. In 1929, the income level of half of 
the engineers who had graduated in 1927 or 1928, or were 
from 24 to 25 years of age, exceeded $2,098, whereas that 
of half of the engineers in the age group 56-63 exceeded 
$4,968. Similarly, in 1932 and 1934, there was a continu- 
ous advance. But apparently age 60 represented a turn- 
ing point in the average earnings of professional engineers. 
Furthermore, the increase in earnings with age comprised 
3 distinct phases: Initial periods of exceptionally rapid 
rise which contain the maximum average yearly increase, 
followed by 2 others in which the rates of increase were 
progressively slower up to the respective maxima of the 5 
income groups or levels. The age spans of these phases 
differed with the income level. Thus, for the middle and 
2 lower levels of income in 1929, the maximum yearly in- 
crease of $450 was reached at the age of 25. On the other 
hand, the initial periods of rapid rise for the upper 25 and 
10 per cent levels were not reached until the ages of 27 and 
34, respectively. The subsequent periods of increase for 


1929, the lowest 10 per cent of the civil engineers had ae 
earned almost as much as the lowest 10 per cent of the |. ae 
mining and mechanical engineers, and substantially ex- eae 3. peat 7000 ra gn ra 
ceeded the level of the lowest 10 per cent of the chemical A pie ae sooo} 1 | 1929 K \ eee 
and electrical engineers. With reference to both the low- ee OU eee Ay eee aes 
; ; nual income ac- = 5000} 7-4 Non + 
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the upper 10 per cent embraced the age spans of 34 to 44, 
and 44 to 60, whereas those for the next highest income 
level extended from 27 to 38, and 38to 60 years ofage. The 
3 remaining income levels increased at practically the same 
rate between 25 and 34 years. But while the age span 
for the third phase of increase was from 34 to 52 for the 
middle level, it only extended from 34 to 44 in the case of 
the 2 lower levels of income. 

There was also an increased spread of earnings with ad- 
vancing age. Even in the early ages there was a fairly 
considerable range. Thus, in 1929, among those who 
graduated in 1927 or 1928, the lowest quarter earned less 
than $1,822, whereas the earnings of the highest quarter 
were about '/; higher than this amount, or $2,497 per an- 
num. It isalso true thatthe highest 10 per centof these ages 
earned at least twice as much as the lowest 10 per cent. 
But among engineers who were about 52 in 1929, the 
highest-paid quarter earned at least twice as much as the 
lowest-paid quarter, and the highest 10 per cent earned 
more than 4 times as much as the lowest 10 per cent. 
Similar relationships existed in 1932 and 1934, although 
the range of increases was due in large part to the influence 
of unemployment on the earnings in the lower levels of in- 
come. 

The spread in earnings was accentuated beyond the age 
of 38. At that point, the income curve of the upper 10 
per cent diverged upward and continued thus to the age of 
60. On the other hand, the remaining curves ran con- 
sistently parallel up to their respective maxima. For ex- 
ample, at the ages of 25, 44, 52, and 60 the incomes of the 
upper 25 per cent differed from the median by 19, 41, 45, 
and 51 per cent, while the order of differences for the 
lower 25 per cent was 13, 26, 29, and 32 per cent. By con- 
trast, the corresponding incomes of the upper 10 per cent 
at these ages were greater than the median by 45, 116, 138, 
and 157 per cent. Clearly, beyond the age of 44, the 
earned annual incomes reported in 1929 by the upper 10 
per cent of all engineers differed very greatly from those 
in the other income levels, and this advantage in earning 


capacity was maintained in the years 1932 and 1934 also. | 

The earnings of engineers in the lower income brackets 
ceased to increase at a relatively early age. It is only ap- — 
proximately correct to assume that ability and income are 
in direct proportion. By and large, however, it is perhaps 
safe to assume that the engineers at any age in the lowest 
10 per cent income group are less able than the average 
at that age; and that the highest 10 per cent are substan- 
tially more able than the average. The Bureau’s data re- 
veal that the maximum earnings of the lowest 10 and 25 
per cent were reached in 1929 at about 44 years of age, 
and the average engineer reached his maximum earnings 
at about 52. The same relationship held in 1932 and 1934. 

In the 2 later years the maximum for the average engi- 
neer occurred at about 60, but it is evident that earning 
power for engineers above the average continued to rise 
beyond this age. Thus, the average earnings of engineers 
53 to 60 years of age in 1934 exceeded $3,502, whereas the 
average earnings of those 61 to 68 years were more than 
$3,497. But the highest 10 per cent of the first group 
earned over $7,720, whereas the same class of the second 
group earned more than $8,280. 

Table V discloses differences in the age-income cycles 
beyond the points of maximum earnings, that is, at the end 
of the third phases of increase. In any case of the 2 higher 
income levels, the fourth and last phase in 1929 was one of 
decrease. This was not so for the 3 lower income levels. 
For them, there was a fourth phase of no change in income 
which covered a span of approximately 8 years: 52 to 60 
for the middle group, and from 44 to 52 in the case of the 
2 lower levels. The fifth phases were ones of decrease. 
Relatively, however, the steepest declines occurred in the 
2 higher income levels. 

Changes in income brought about by the depression in 
various years may be considered from the point of view of 
particular individuals whose age and experience was in- 
creasing, or from the point of view of the expectations of 
men with comparable periods of experience. For ex- 
ample, the average earnings of engineers who graduated in 


Table VII. Comparison of 5 Levels of Annual Earnings for Corresponding Years After Graduation in 1929, 1932, and 1934 


Without regard to employment status reported or type of education 


Proportion With Annual Earnings of More Than Specified Amount (Per Cent) 
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Table VIII. Comparison of 5 Levels of Earned Annual Income for Older,* Graduate,** and “‘Other’’} Engineers Reporting 
. in Each Professional Class at End of 1929, 1932, and 1934 


Without regard to employment status reported 


————- 


Per Cent Income of “Other” Engi- 
neers Formed of That of Graduate 
Engineers— 


Annual Earnings of More Than Specified Amount 
< Graduate E 4k 
Per Cent of Professional Classt at ale eamaall 
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* Includes all engineers who were professionally active prior to 1930. ** Graduate engineers embrace all postgraduates, nonengineering graduates, and first 
degree engineering graduates. + “‘Other’’ engineers embrace al] engineers with college course incomplete, noncollegiate technical schoo! course, and secondary 
school education. t Arranged in ascension of graduate earned annual income for 1929. 


1927-28 declined only from $2,098 in 1929 to $2,020 in 
1932, and increased slightly to $2,023 in 1934. On the 
other hand, those who graduated in 1897-1904 averaged 
$4,918 in 1929, $3,832 in 1932, and $3,502 in 1934. Such 
comparisons for each group of engineers over the period 
1929-34 may be made from table V. They are, more con- 
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veniently arranged for direct comparison in table VI. 

This table shows a rise in earnings for the yourtgest en- 
gineers in the profession in 1929, who were near to 30 years 
of age in 1934. The advance in earning capacity in the 
first 5 years of engineering experience was so great that it 
offset the influence of the depression in the case of the 
youngest engineers. At higher ages, when an added 
year’s experience influenced income less, the incomes of 
particular engineers declined by as much as 30 per cent 
for the average graduate of the classes of 1889-96. 

In order to trace the influence of the depression on pro- 
fessional opportunity and on the normal expectations of 
members of the profession, table VII compares the earnings 
for identical ages in each of the 3 years.’ 

For each level of experience, incomes declined from 1929 
to 1934, and two-thirds to three-quarters of this decline 
occurred from 1929 to 1932. Over the entire period the 
average income of those who had been out of college for 2 
years declined 43 per cent. Those who had been out 5 
years had, on the average, 35 per cent less income in 1934 
than the corresponding group in 1929. For older engineers 
the decline approximated 30 per cent, being slightly more 
than this for those with 10 years’ experience, and slightly 
less for those with 20 years’ experience. 

The most significant differences brought about by the 
depression were in the spread of incomes at various ages. 


including full and : 

i : | ; : 38 «444 52 60 66 7. The figures are not derived from direct tabulations which were made on the 
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In all cases, primarily because of the influence of un- 
employment, annual income for the lowest 25 per cent and 


the lowest 10 per cent declined more than the average in-. 


come at a given age. Thus, 2 years after graduation, 10 
per cent of the engineers earned less than $1,462 in 1929 
as compared with a corresponding group earning less than 
$410 in 1934. This was a decline of 72 per cent as com- 
pared with a 43 per cent decline for the average of this age. 
Similarly, the average for engineers 30 years after gradua- 
tion declined 30 per cent from 1929 to 1934, while the 
level below which the earnings of 10 per cent of such en- 
gineers were found fell by 50 per cent. 

There was comparatively little difference for the vari- 
ous ages in the decline of the median income or in the de- 
cline of the level of income above which only 25 per cent 
of the engineers of corresponding ages were found. The 
highest level of income (that achieved by only 10 per cent 
at each age) declined more than the average in the case of 
all groups of engineers with 5 years’ or more experience. 
Thus this select group among engineers 60 years of age 
lost 38 per cent from 1929 to 1934, whereas the average 
decline at that age was 30 per cent. 


Annual Income and Education 


The foregoing analysis of annual incomes reported by 
professional engineers for 1929, 1932, and 1934 took no ac- 
count of differences in educational background. In 1929, 
some 22,386, or 86 per cent, of the 24,837 older graduates 
in engineering courses in the sample reported income and 
7,646, or 90 per cent, of the 8,440 older “‘other’’ engineers 
who were in the profession in 1929 reported. The 5 in- 
come levels for these 2 groups are shown in table VIII. 

Consideration of the ratios derived from the 1929 earn- 
ings reported by the “other” and graduate engineers 
clearly indicates that those with a formal engineering edu- 
cation had higher incomes. Thus, in the highest 10 and 
25 per cent income groups, the earnings of the graduates 
in each professional class exceeded those of the ‘‘other’’ 
engineers. It will, however, be noted that there were wide 
variations in the ratios in the earnings of the 2 groups, in- 
dicating that the differentials in earnings do not accrue 
in equal measure for all 5 professional classes. In the 
upper 25 per cent level, the order of yearly differences in 
favor of the graduates was $901, $696, $389, $324, and 
$67, the 3 smallest of these being in the electrical, mining 
and metallurgical, and mechanical and industrial classes. 
In the highest income level, differences of $647 and $554: 
per year were reported by the graduate electrical and me- 
chanical and industrial engineers; in the 3 remaining pro- 
fessional classes none of the graduate groups reported dif- 
ferentials of less than $1,000 per year. In general, from 
1929 to 1934, the earnings of the upper 25 per cent of the 
older graduates and of the “other” engineers declined by 
similar amounts. 

The advantage enjoyed by engineers with college de- 
grees is less marked at the lower levels. The average in- 
come of mechanical engineers in the profession in 1929 re- 
porting income for 1929 was actually higher for noncollege 
graduates than for graduates. This was the only pro- 
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fessional class of which this was true for the average, but, | 
in general, the lowest 25 per cent and the lowest 10 per — 
cent among the “‘other”’ engineers had higher incomes than 
among the graduates. But even at these levels, it will be 
seen that an advantage accrued over the period 1929 to 
1934 to the college graduates. The income of the lowest 
25 per cent of those graduating prior to 1929 declined less 
than the income of the lowest 25 per cent of the correspond- 
ing group of ‘‘other’’ engineers and by 1934, college gradu- 
ates had the higher incomes even at this level. 

The apparent advantage enjoyed in 1929 by the “‘other”’ 
engineers at the lower levels of income may best be ex- 
plained in conjunction with the data in tables [X and X. 
The data for the median values’ only of earned annual in- 
come of all engineers classified by age in the 3 years, 1929, 
1932, and 1934 are presented in table IX.’ 

The first observation to be made has regard to the fact 
that the “‘other’’ engineers, at a very early age, lose the 
advantage in earning capacity, arising from practical ex- 
perience gained, while the college graduate is in school. 
This loss of advantage is best exemplified by considering 
the ranking order of the 12 groups of engineers at corre- 
sponding years after graduation (table X). 

At the end of 2 years after graduation” in 1929, the 
“other” engineers held ranks 1, 2, 4, 5, and 6, the first- 
degree civil graduates were third, and the remaining gradu- 
ate groups occupied positions 7 to 12, inclusive. Five 
years after graduation, however, there was a complete re- 
versal of this situation, which placed all graduates ahead 
of the “‘other’’ engineers. 

Relatively, the greatest shifts in position occurred be- 
tween the second and fifth years after graduation. Sec- 
ondary-school engineers dropped from sixth to twelfth 
place. The noncollegiate civil engineers declined from 
second to eleventh place, while the civil engineers whose 
college course was incomplete declined from fifth to tenth 
place. Positions 8 and 9, respectively, were occupied by 
the mechanical engineers whose college course was incom- 
plete and those who were graduates of noncollegiate tech- 
nical schools; 2 years after graduation they had held first 
and fourth places. Among the engineering graduates, 
the greatest shift in position occurred among the first- 
degree chemical and ceramic engineers, who moved from 
tenth to first place at 5 years after graduation, and main- 
tained that position throughout the 1929 age cycle. It 
will also be noted that the 1929 earnings reported by the 
first-degree civil engineers were greater at 5 years after 
graduation than those of both postgraduates and first- 
degree electrical engineers. On the other hand, the earn- 
ings of these 3 groups were less than those reported by 
first-degree mining and metallurgical, and mechanical and 
industrial engineers, and nonengineering graduates. 

Thus, it follows that the greater decline from 1929 to 
1934 in the incomes of the lower 10 and 25 per cent of the 
“other’’ engineers reflects in part the greater advantage of 


8. L.e., the middle value of earned annual income—50 per cent earning more 
and 50 per cent earning less than the figure shown. 

9. Insufficient data were furnished for the 2 lower and higher income levels to 
enable a complete comparison for all age groups and all types of education 

10. The incomes reported just after graduation are not compared. These are 
invalidated by the fact that, while the graduates could have reported incomes 
for 6 months only, it was possible for the “other”’ engineers to have reported 
an income for a full year or more. 


ELECTRICAL ENGINEERING 


ee 


Median Annual Earnings in 1929, 1932, and 1934, for All Engineers Reporting by Age and Type of Education 


Without regard to employment status reported 
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64 and over...... x 41+ ** 6,000 we 4,4 
DS cee SL dae a4 4 rs Risse Rp SOU ane ae sak 1D) LOO a niney ae ; ala 
ae ae 1889-96... ... cw eee 6,030... 5,500... .6,450... .4,981... .5,580. .. 6.25 et ae ** «+ -3,800 
ae : ; : ,580....6,255....6,180....3,733....4,083....3,657....4,440,,..4,120 
Erni Wie crests 1897-1904 25-32.......5,820 5,663... .6,600....4,804 5,460....5,793....5,200....3,774 5,179. 3,514 4714 4.333 
>a Bre Seca piv’ & wuss er ee FI i go 5,000 5,000... .6,429....4,411 6,239... .5,434....5,400... 13,565 4.579 3.500. 4246 3,708 
«ey 16... ... 18-16... ....4,286 4,933... .6,021....3,964 4,480... .4,878....4,825....3,328 4,031 3,168. 3,889 3,625 
BEANE R nie PA ba ave wide 1917-20...... 9-12 4,608 4,086 4,523 3,616 4,048 4,057 4,6 
SER, tase ‘ pO 2Sar x 0,010 seen 4088 90 4) 0B Tits. 14,000.00 51,1080. 6), 08,799.29 Syl 20a 3,44 
2 er 1921-24, ..... BB Knees BLOM cee 8, 072s sc 10,044... 8/122. oon 8,100.... 8,86411)..8)806.....2,614.,....8;200.. 12/074. oh, o'si4 
sae een. a. 1925-26...... Be es < 2,565... .2,675....2,729....2,579....2,505....2,616....2,840....2,410....2,468....2,400....2,482....2.250 
“ee ro Ae cee ToS ews 2,008. ...1,978....2,007....2,150....1,077....2,099....2,086....2,127....2,232....2,200....2,144.,..2,100 
i Re ae Dov sce s+ 104025, 31,500... 21,200... ...1,288 kas hl atlases OA ioe PB ancl Waal dt scnnit Cll 
1932 Income (Dollars) 
67 and over...... ee. Ae ee ae * 3,000.... ** BGO ses teens ;200. 05/01, 1 000%. 2,600.5. 4,6008, RN ny tees 467 
BU R-GBeth sco be. 1889-96...... 36-43....... 5,160....4,600.... ** ....4,090....4,733....4,700....5,000....2,950....3,600....2,988....3,400....3,433 
[sh apa a ee 1897-1904... .28-35....... 4,757... .5,000....5,200....3,761....4,677....4,189....3,940....2,969....3,688..,.2,846....3,550....3,650 
SO) ae oe eee 1905-12...... 20-2700. .... AUTRE A, PIN EE UC ANOVA sno ae SPPP IS a rte came obi lin 5 MeALUMTeas ache Ek ober chiles 
BaetM awe os. « 1913-16...... 16-39. 697.0 Bae ee ete PAG Te 0 sSdS eo Bian S800) 41.0) 7 00 ner 20702 ie, 1695 0520700 ee OGSe, aire 
Di aie eee 1917-20. ..... oe eee ae ager N ea 1 7See- 5 U4Ste EEO HOON in S,47 Olin s8i444 act D/B1 Sze. 40,0205 47 bem 2 082682: 720 
Bicetr dy be... 5. 10S1-2E S11. PRED Ss DA tee 1070 DOD a ee DIR0T ene BON a 012744 2406. 0 2568 hu 27S. ed BLO ee 2488 
AS ee eee 1925-26...... ae Boat 26551 2180) as 2,843.0 2 C0Ss a 2.408100 2/2008 62,090. 0252, 105s 5 ed 07s ae 2/000. en 2057 
ee 1927--28....... eye 2,029... .2,167....2,064....2,124....1,992....1,985....1,940....1,982....1,906....1,836....1,686....1,840 
ahs. EUING sk ore a aece Lips eed SO0. Cee Ly 750... 18902 eed, OOO el 716205 1,500.-0 1/657 sane ls O88- qaal 900, tiem COON nl S50 
Die a) eee POSOY es SU. ate W378 aie TET LG2Rey 61,700 nnd Az ol me L406 Need 492ml 700k rant O7 Game i ZOO ann A500 1683 
are eee ses 1050 ee a, ee eee Panerai chy eset 2088) 2, 1 B40 nee lS opt Ie o47eme ad 14726 1.620.,, cnt S00 meee 1,600... .1,700 
eer OL  ., LOSI. ook G.eete es 687... .1,800 606. 629 586 Bb rn 480 seed degen sdds3 sees 1,400.... ** 
1934 Income (Dollars) 
Rotendiover ale, oe ve Sg ee +k 3,100 wx 3,200. AAT BSS 80 e200 Mints 2 O00 ee 34006 eenee cise 2 000m COO 
LC tea 1889-96...... Ret io, 4,333... .4,400 ee ea BOO meee aul OO eae 21885 eee 21 S00ha we G00 2000 mie? 400ne ee o1o8 
BE 60s rans nots 1897-1904... .30-37....... 4488, ...4,400....5,100....3,337...:4,400....3,731....8,900....2,787....3,403.....2,429. .,, .3,364....3,508 
A ae ee 1905-12. ..... Sa eae 3,923... .4,088....5,000....3,311....4,089....3,875....4,086....2,780....3,497....2,533....2,974....2,940 
SY a ee 1913-16...... inal eile 3.517... .4,467....4,111....3,129....8,917....3,538....3,688....2,406....2,090....2,420....2,713... 8,031 
ee aeee 3 1917-20...... Le ee 3,250....3,575....3,850....2,826....3,398....3,278....3,567....2,354.,..2,800....2,286....2,548....2,711 
So ees 1921-24...... 19218 oe 2'864....2.857....3,244....2,516....2,801....2,704....2,811....2,147....2,432....2,036....2,161....2,356 
Ci ee aS 1925-26...... eee ee 2513... .2,475....2,586....2,263....2,864....2,378....2,463....1,974....2,093....1,863....1,957....1,900 
TES ees vv este hae ee eis « 2072... 2,200... .2,225....2,069....2,021....2,058....2,100....1,875....1,911....1,567....1,738....1,860 
ON Ao eee 1920yh se Bibi ht SR 8 GIA 65 1,982 eu. 1)802 00 «yD, 780 orci 3,008 0, 1,809.10 oA 678>).410 1,808. 0 1,867 f0.<1,525..5..4,575 
Be yea se che. 1ORO MERE A 6 rN rsa 1,563....1,800....1,795....1,762....1,527....1,719....1,542....1,518,...1,500....1,800....1,433....1,660 
Siac eae ee eee 105 eee ae 1.437... .1,457....1,426....1,545....1,263....1,433....1,479....1,567....1,633....1,400....1,467....1,800 
TN 4 ee ee ee 1932" teks Date Ts hah A 2G, 1,864 291,138 .2.101, 2615 LAIN 1898s, «20,400. 0). 0 8h Leta OR, ee 
oe 1982 pete es (Daa RA UUs A108 1,240. 1047. «9 1,120, on, 1100-4. 8 2883207. «PR cine OU case OP 
Ci ape pet ee aang ‘god oe ‘Teds 612... .1,000 567 638 540 B60; eat GO2Ne 12008, 6.1 089)0c.. Ae ned 2GaeMer lyaeb 


* Prior to 1889. ** Less than 10 persons reported. 


5 years additional experience among the younger college 
graduates. 

Between 5 and 10 years after graduation, there were but 
slight changes in relative position. At the latter period, 
however, all first-degree and nonengineering graduates 
were ahead of the postgraduate engineers. The second- 
ary-school engineers reported earnings greater than either 
of the 2 groups of ‘“‘other’’ civil engineers. The “other’’ 
mechanical engineers trained in noncollegiate technical 
schools followed ninth in order, after the postgraduates. 

At 20 years after graduation, the first-degree civil engi- 
neers ranked below both the ‘‘other’’ mechanical engineers 
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whose college course was incomplete and the postgraduate 
engineers; between 20 and 37 years after graduation, the 
relative standing of the several groups remained compara- 
tively stable. It will also be noted that even in 1934 the 
order of the groups shows no marked departure from the 
situation which prevailed in 1929. 

A further explanation may be given of the apparent ad- 
vantage of “‘other” engineers in the lower income levels, 
as shown in table VIII. There are too few cases to war- 
rant showing text tables of income for the lowest 10 and 
25 per cent of the engineers classified simultaneously by 
professional classifications, age, and type of education. 
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Table X. Rank of Engineers of Specified Education According to Median Annual Earnings in 1929 and 1934, for Corre- 
bee. sponding Years After Graduation 


Without regard to employment status reported 


Years After Graduation 


2 5 10 Z20e 60— (37 2 5 10 20 30 Si , 
= ie ee EEE eee 
Rank in 1929 Annual Earnings in 1929 


Type of Education 


College course incomplete: Mechanical and others*..........-..+.+00+ 1... 8... 6... Zoos V-.. 8.-+ $2,232... $2,650. . .$3,580:..$4,425...$5,100.. $4,933 
Noncollegiate technical course; Civil, agricultural, and architectural.... 2...11...11...12...12...12... 2,200... 2,450... 2,950... 3,425... 3,550... 3,657 
First-degree engineering graduates: Civil, agricultural, and architectural.. 3... 5... 7... 8... 8... 7... 2,150... 2,750... 3,490.1). 4,3002.. 4,800) 2 4,981 
Noncollegiate technical course: Mechanical and others*............... Ae, 9) 9k 9 an On oe On) 251445.) 2160052 3,300 4190 4, COU emma ecU 
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* Includes chemical, ceramic, electrical, industrial, mining, and metallurgical engineers. 
** Less than 10 engineers reported. 


But such values have been computed for every such classi- tials were not great. For the former, the 1929 median 
fication embracing more than 100 reports and the results earnings ranged from $2,100 in the case of secondary- 
may be summarized. In 1929, at every age the lowest school engineers to $2,232 for mechanical engineers who 
10 per cent of the civil engineers with incomplete college had not completed their college course, while the range for 
courses had lower incomes than the lowest 10 per cent of the latter was from $1,977 for electrical to $2,099 for me- 
those with completed college courses. This continued to chanical and industrial engineers. At 5 years after 
be true in 1934 for engineers who graduated prior to 1928, graduation, when the positions were reversed, the differ- 
the last year with an adequate number of reports to war- entials were still slight. The earnings of the graduates 
rant this particular comparison. Forthe5age groupsfrom ranged from $2,725 to $3,000 per year and those of the 
28 to 47, for which comparisons can be made, the lowest 10 ‘‘other’’ engineers from $2,430 to $2,650. With advanc- 
per cent of civil engineers with noncollegiate technical ing age, however, the spreads in earnings in favor of the 
school courses had lower incomes than those with incom- graduates became very marked. In the case of mechani- 
plete college courses. These statements hold, not only cal engineers, for instance, the difference in earnings be- 
for the lowest 10 per cent of the civil engineers but also tween the first-degree engineers and those who did not com- 
for the lowest 25 per cent. There are not enough cases of plete their college course was $175, $295, $925, $700, and 
engineers in the professional classes, other than civil $1,322 per year, and between first-degree and noncollegi- 
engineers, to warrant a detailed analysis of nongraduates ate mechanical engineers it was $225, $575, $1,160 $1,150, 
on an age basis for the separate classes. But the income and $1,815 per annum. Similarly, for the civil engineers 
of the lowest 10 and 25 per cent of the nongraduates of the the difference in earnings between those with frst desens 
4 classes combined is less than the corresponding level of | and whose college course was incomplete was $275, $590 
income for graduates in any of the professional classes at $800, $1,050, and $1,248 per year, while feces firs 
almost all ages for which comparisons can be made. It degree civil and noncollegiate technical school engineers 
seems highly probable, in the light of these facts, that part the order was $300, $540, $875, $1,250, and $1,324. per 
of the advantage shown by “‘other’’ engineers in table VIII annum. 
is due to a higher age among the nongraduates in the Even among the graduate groups there was variation in 
groups compared. earning capacity. Thus, while the earnings of first- degree 
Table X also shows that, although the earnings reported civil engineers ranged from $2,750 to $4,800 per year be- 
in 1929 by the “other” engineers at 2 years after gradua- tween 5 and 30 years after graduation, the range for the 
tion were higher than those of the graduates, the differen- first-degree chemical and ceramic oneness was from 


1100 Engineering Income and Earnings ELECTRICAL ENGINEERING 


$3,000 to $6,600 per year. In other words, over a period 
of 25 years, the civil engineers’ earnings increased by only 
$2,050, whereas those of engineers in the chemical and 
ceramic field increased by $3,600. The ranges in earnings 
of the remaining graduate groups fell between those re- 
ported by the civil and the chemical and ceramic engineers. 

Earnings of the “other” engineers cease to increase sev- 
eral years before those of the graduates. Their earnings 
began to decline after 55 years of age in 1929, whereas the 
earnings of the graduates continued to increase even at 
64 years of age and over (table IX). 

When consideration is given to the changes in income 
status between 1929 and 1934 of selected age groups of en- 
gineers in each type of education, it appears, again, that 
the depression bore hardest upon the older engineers. 

As indicated in table XI, over the period 1929-34 the 
decreases in earnings of engineers who were 60 years of age 
in 1929 and 65 in 1934 ranged from 20 to 45 per cent. 
The smallest range, however, occurred among the gradu- 
ate engineers. This is explained by the fact that for the 
“other’’ engineers, the earnings reported at the age of 60 
in 1929 were those for the period of decline, since they were 
less than those reported for engineers who were 52 in 1929. 


When, however, comparison is made of the earnings for 
the 2 age groups of engineers who were 52 and 44, respec- 
tively, in 1929 and 5 years older in 1934, it will be noted 
that the decreases in their earnings over the period 1929-34. 
show little variation. The important thing to note is that 
the effect of the depression was approximately the same 
on both graduates and “other” engineers. On the other 
hand, for the 2 younger groups shown in table XI, the 
graduate engineers who were 25 in 1929, practically all 
showed increases in their earnings by 1934, whereas the 
“other” engineers showed further decreases. This situa- 
tion was even more pronounced in favor of the graduate 
engineers who were 23/2 years of age in 1929. 

Throughout the whole of this analysis of differences in 
earnings by type of education, there have only been inci- 
dental references to the changes which occurred over the 
period 1929-34 and in the intervening periods, 1929-32 
and 1932-34. It will be recalled, however, that the per- 
centage decreases in the incomes for all engineers at corre- 
sponding years after graduation were practically the same. 
This was also the case for the 12 groups of engineers when 
segregated by type of education, as is evidenced by a con- 
sideration of the data shown in table XII. 


Table XI. Comparison of Median Annual Earnings in 1929, 1932, and 1934 of Selected Age Groups of Engineers Reporting 
by Type of Education 


Without regard to employment status reported 


60in 63in 


Engineers Whose Age Was— 


65 in 52 in 55 in 57 in 44 in 47 in 49 in 25 in 28 in 30in 231/; in 261/: in 281/2 in 
Type of Education 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 
Median Annual Earnings 
SEMEL ia, odin sn mo sisiweis = 6's $6,030. .$5,160. .$4,333. .$5,320. . $4,757. . $4,488. .$5,000. . $4,155. . $3,923. .$2,008. .$2,029. . $2,072. . $1,040. . $1,794. . $1,888 
Nonengineering graduates......... 5,500.. 4,600.. 4,400.. 5,663.. 5,000.. 4,400.. 5,000.. 4,475.. 4,088.. 1,978.. 2,167.. 2,200.. 1,500.. 1,800.. 1,871 
First-degree engineering graduates: 
Chemical and ceramic.......... 6,450 +** ** . 6,600.. 5,200.. 5,100.. 6,429.. 5,320.. 5,000.. 2,007.. 2,064.. 2,225.. 1,200.. 1,773.. 1,982 
Civil, agricultural and architec- 
UE aaa Aga 4981.. 4,090.. 3,567.. 4,804.. 3;761.. 3,337.. 4,411.. 3,533... 3,311.. 2,150.. 2,124.. 2,069.. 1,256.. 1,896... 1,892 
cl Pets at bead hg eg a er es 5,580.. 4,733.. 4,143.. 5,460.. 4,677.. 4,400.. 5,239.. 4,214.. 4,089.. 1,977.. 1,992.. 2,021.. 996.. 1,660.. 1,759 
Mechanical and industrial....... 6,255.. 4,700.. 4,100.. 5,793.. 4,189.. 3,731.. 5,434.. 4,070.. 3,875.. 2,099.. 1,985.. 2,058.. 1,146.. 1,716.. 1,908 
Mining and metallurgical....... 6,180.. 5,000.. 4,333.. 5,200.. 3,940.. 3,900.. 5,400.. 4,222.. 4,086.. 2,086.. 1,940.. 2,100.. pil Ashe. 5 UepLeXO)5  alfeXO}®) 
College course incomplete: 
Civil, agricultural, and archi- : = 
ROCCCEE Oho aces 2 e's eee ties © Sa 3,733.. 2,950.. 2,800.. 3,774.. 2,969.. 2,787.. 3,565.. 3,038.. 2,780.. 2,127.. 1,932. USTs ec U62n mL Gone nL One, 
Mechanical and others*......... 4,933.. 3,600.. 2,900.. 5,179.. 3,688.. 3,493.. 4,579.. 3,631.. 3,497.. 2,232.. 1,906. 911... 21295) 16382. 1,808 
Noncollegiate technical course: 
Civil, agricultural, and archi- a 
pear See Sr eee ee 3,657.. 2,933.. 2,600.. 3,514.. 2,846.. 2,429.. 3,500.. 2,777.. 25530, 2.200... 1,836.. 1,567... LcS0n~ 1, 900n.8 2. o6r, 
Mechanical and others*......... 4,440.. 3,400.. 2,460.. 4,714.. 3,550.. 3,364.. 4,246.. 3,241.. 2,974.. 2,144.. 1,686.. 1,738.. 1,950.. 1,600.. 1,525 
Secondary school education........ 4120.2 3,433.. 3,133.. 4,338... 3,650., 3,508.. 3,708.. 3,178.. 2,940... 2,100.. 1,840.. 1,860.. 1,900.. 1,350.. 1,575 


Per Cent of Change 


1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 


1929-32 1932-34 


Z = = = — 6 —% —17.. —6... Rated Ucar ee nee.. +82...+73 ..+ 5 
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At 5 years after graduation the range of decreases of 
earnings over the period 1929-34 was from 25 to 43 per 
cent. At 10 years after graduation, the range was from 
25 to 39 per cent, while even at 30 years after graduation 
the percentage decreases ranged only from 22 to 35 per 
cent. It will, however, be noted that the extremes of the 
ranges are the exception, indicating that regardless of type 
of education, the incomes of engineers of identical ages in 
1929 and 1934 suffered about the same from the depres- 
sion. 

It cannot be too strongly emphasized that these data re- 
late only to what engineers of various ages were earning in 
1929, 1932, and 1934. Since there are no better data avail- 
able it is almost inevitable that the figures will be used to 
predict what young engineers may expect to earn 10 or 15 
years hence. For that reason, it is important to empha- 
size the severe limitations which attach to the data in this 
connection. 

The first point—that the general level of engineering in- 
come fluctuates from year to year—needs merely to be 
mentioned in passing. Therefore, the absolute level of 
incomes for engineers with any given amount of experi- 
ence cannot be forecast for any future year. 

The chief danger to be guarded against is the assump- 
tion that the income relationships for 1934 will hold in 
some future year. A cautious use of such information 
may add to the value of the advice of those who are di- 
recting young men into the various fields of specialization. 
A careless assumption that this same relationship will 


Table XII. Percentage Decreases in Median Annual 
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Per Cent of Decrease in Income, at End of Specified 
Period After Graduation 


Type of Education 2 Years 5 Years 10 Years 20 Years 30 Years 37 Years 


Postgraduates............ —53....—36....—25....—27....—22. —27 
Nonengineering gradu- 
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First-degree engineer- 
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hold 20 years hence for future graduates will make the re- 
sulting advice dangerous. 

The tabulations show merely the facts of the income dis- 
tribution in 1934 or some other particular year. For ex- _ 
ample, chemical and ceramic engineers 20 years after 
graduation averaged $4,100 and one-quarter of such engi-. 
neers earned more than $6,000. On the contrary, civil 
engineers 20 years after graduation averaged $3,100 and 
the best-paid quarter averaged only $4,100 or more. Itis 
evident, therefore, that men graduating from college in 
1914 advanced on the whole to higher levels of income if 
their college work had been in the field of chemical or 
ceramic engineering rather than if it had been in the field 
of civil engineering. This much is fact. 

But it must not be concluded from these data on income 
alone that it is wise to encourage men entering college in 
1937 to specialize in chemical and ceramic engineering and 
to discourage their entering the field of civil engineering. 
Such advice will be sound only if the conditions surround- 
ing the two fields of engineering and their prospects for the 
next 20 years are similar to the conditions of 1914 to 1934. 
Years of experience are themselves a factor in determining 
what kind of engineers are available. It is quite possible 
that there may be a relative scarcity of engineers with a 
given type of academic background and with 20 years of 
experience, while at the same time the supply of younger 
engineers with that same typeof formal education may have 
become excessive. It is quite easy to see that a special scar- 
city value may have attached in 1934 to chemical engineers 
that did not accrue to civil engineers graduating in 1914. 
There was a tremendous expansion of the chemical industry 
in the United States during and following the war. It is 
a matter of common knowledge that such enterprises had 
the greatest difficulty in finding sufficient men with the requi- 
site education and experience. On the other hand, while 
there are more civil engineers and more jobs for civil engi- 
neers than in 1914, a decrease in certain types of civil en- 
gineering work—as, for example, the construction of new 
railroads—has acted to restrain the development of rela- 
tive scarcity values such as may have attached to chemical 
engineers. 

At the same time it is impossible to make a comparison 
of the earnings of the younger engineers in the several pro- 
fessional classes and to conclude that the relationship be- 
tween the professional groups will hold when they have 
had 20 years’ experience. Thus in 1934 we find that 
chemical and ceramic engineers who graduated in 1932 
averaged $1,286, whereas civil and mechanical engineers 
averaged $1,384. The statistics do not preclude the pos- 
sibility that there is a longer period of apprenticeship for 
some types of engineering work than for others and that, 
following such a period of apprenticeship, there may be a 
more rapid advancement in the one line than in the other, 
ultimately to a higher level of income. 

Conclusions as to the relative desirability of entering 
one type of engineering rather than another should be 
drawn only by those with an intimate acquaintance with 
all fields of engineering. Available statistics are prob- 
ably a less satisfactory basis for advice than would be the 
pooled nonstatistical judgments of a number of people 
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with a wide knowledge of the engineering profession and 
its opportunities. The statistical materials of this study 
can be used safely in projection only to fortify the judg- 
ments and forecasts of such individuals. To those who 
know not only the present situation of the various pro- 
fessional groups, but also the changing background of 
those professions over the past few decades, the income 
Me will have particular significance. One who knows 
a the supply of and demand for particular types of en- 
gineering training has changed can make allowances and 
may attempt to estimate the most probable changes in 
future relationships. He will be helped to appraise the 
; state of the current market for engineering services by 
earlier articles in which has been indicated the extent to 
which recent engineering graduates have been able to 
find engineering jobs. 
_ The statistics which are presented here have a value 
that varies with the richness of the background cf the 
user. Educational advisers and directors are performing 
specialized work and by the very nature of their work 
must guess what the future holds in store for various pro- 
fessions. Their prognosis becomes better if it is based on 
an extensive and accurate knowledge of existing condi- 
tions. This basis of knowledge the Bureau supplies on a 
hitherto unprecedented scale. The Bureau has attempted 
as comprehensive an analysis of recently existing relation- 
ships as its resources permit, and will welcome further 
critical analysis from any source of the detailed materials. 
The Bureau has carefully refrained in this article from 
describing differences in the average incomes of graduate 
-and nongraduate engineers as a measure of the value of a 
completed college course in engineering. From the data 
in hand, it is impossible to determine whether the differ- 
ences are due to the fact that given individuals have re- 
ceived a college education or to other factors. It is pos- 
sible that the differences in income arise from an initial 
process of selection. It is also possible that a prejudice in 
favor of the college graduate affords him better oppor- 
tunities to acquire valuable experience than are given to 
the noncollege graduate. In such case, the advantages 
would arise not from formal education which the man had 
received but from his status as a college graduate. 

It is a matter of common belief that college training has 
economic value for the prospective engineer. The figures 
in this study support this belief but cannot be taken as 
conclusive proof. Rather more conclusively they prove 
the great importance of other factors in addition to formal 
education. If formal education is an asset, the young 
graduate engineer should advance more rapidly than the 
nongraduate of corresponding age. This does happen. 
The data thus furnish supporting evidence as to the value 
of a formal education. But were formal education an all- 
important element in determining income in these early 
years, there should come a point at which no further rela- 
tive spread developed between the average earnings of 
college graduates and nongraduates. 

The facts show that the spread does increase. The 
difference is greater both in absolute terms and in relative 
terms after 30 or 40 years of experience than it is after 10 
or 15 years of experience. T his increased spread is noted 
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and part-time employment for specific types of education 
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12—Secondary school education 


not only with reference to the average of the 2 classes but 
applies at the 5 levels that have been studied. It was 
found not only in 1929 but also in 1932 and 1934. 

It can hardly be argued that the scholastic background 
of engineers who entered the profession in 1900 is a con- 
trolling factor with reference to their earnings in 1929 and 
1934. Certainly, the value of their services is no longer 
primarily dependent upon the odds and ends of informa- 
tion which they acquired in college, although it is possible 
that habits of thinking and study which the engineer re- 
ceived in his college days constitute a permanent legacy. 
By and large the factors controlling the value of a man’s 
engineering services after 30 years or more of experience 
must be primarily his native capacity and the training 
which he has received on the various jobs that he has per- 
formed. 

As regards native capacity, there is reason to believe 
that, on the average, better material will be found among 
college graduates than among those who failed to complete 
a college course. There are, of course, many individuals 
who are unable to complete an engineering course for finan- 
cial reasons. There are also many individuals of limited 
capacity who receive degrees. But there is also a whole- 
sale process of weeding out that goes on in the engineering 
schools. Thus even the differences in income shown in 
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the earliest years of experience may reflect differences in 
capacity rather than differences arising from the value of 
the formal training. 

Whether ability is more important than the differences 
in the kinds of experience that are open to the college 
graduate and the nongraduate, it is impossible to tell. It 
is a matter of common knowledge that for a number of 
years college education has been thought of as a normal 
prerequisite to engineering work. Some large em- 
ployers of engineers deliberately differentiate between the 
college graduate and the nongraduate, offering the young 
engineer with a college education opportunities for train- 
ing on the job which either are not available to the non- 
graduate or which are open to him after special considera- 
tion rather than as a matter of routine. 

It must be noted that this latter type of advantage will 
tend increasingly to accrue to the status of the graduate 
as opposed to the nongraduate. In this sense status is 
gained by graduation, to some extent no longer with re- 
gard to the value of the formal education as such. The 
more common a college education becomes, the more 
widespread the assumption of a difference in capacity be- 
tween the college graduate and the nongraduate becomes, 
the more certain it is that employers will discriminate in 
favor of the college graduate. Such discrimination means 
that the college graduate will generally be given more 
favorable opportunites for training on the job than the 
nongraduate of equal capacity. 

It is known, however, that many large employers of 
young engineers have already developed a highly selective 
process of employment in interviewing candidates from 
engineering colleges. They may assume that in general 
college graduates are more promising material than non- 
graduates. They no longer recognize the mere fact of 
graduation as evidence of employability and give special 
status only to those who graduate with a standing sub- 
stantially better than the average of the class. Thus the 
advantage of status which may have accrued a number of 
years ago through the fact of college graduation alone 
now accrues in equal measure only to graduation with ex- 
ceptional standing. 

The candidate for a position in the engineering profes- 
sion should study carefully the tables which will be pre- 
sented in the final bulletin! not only for average earnings 
(as in table IX) but also for the upper and lower 10 and 
25 per cent of the engineers. Table [IX showed clearly 
enough that a young man is well advised to enter the pro- 
fession after successfully completing a period of formal 
education beyond the high-school level. An earlier chap- 
ter on education indicated that college training was com- 
ing to be a prerequisite for entrance to the profession. 
But it is unwise to rely heavily on the value of a college 
education per se. 

The present study gives conclusive demonstration of 
differences of income which generally reflect different de- 
grees of capacity. The lot of the college graduate may 
be somewhat easier than that of the nongraduate. But 
even in 1929 the lowest 10 per cent of the college graduates 
in civil engineering were earning less than $2,500 after 10 
years of experience and $2,700 after 20 years of experience. 
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These figures are to be compared with the average earn- 
ings of $3,600 and $4,400 for these respective groups. On 
the other hand, the upper 10 per cent of the civil engineers 
whose college course was incomplete earned $5,200 or 
more after 10 years of experience and $7,600 or more 
after 20 years of experience. The upper 10 per cent of 
the engineers with only a secondary-school education 
similarly show earnings substantially above those of the 
average college graduate. In other words, graduation 
from an engineering school is no guaranty of a satisfactory 
income, while there is still apparently an opportunity for 
a man.of outstanding capacity to secure far better than 
an average engineering income even though he has not 
attended college. 

The most significant differences in income revealed by 
the present survey are not the differences in the average 
income received by individuals who have received a col- 
lege degree and those who have not. Nor are they the 
differences as between individuals who have entered one 
professional class rather than another. These differences 
on the whole are moderate, though they are large enough 
to prove the desirability of choosing well both the field of 
endeavor and the type of training best adapted to ad- 
vancement in that field. The most striking differences 
are those which exist within each profession and within 
each group classified on the basis of its educational back- 
ground. One out of 10 of the engineers in each such 
group secures an income several times as great as the aver- 
age for the group asa whole. At least one out of 10 at the 
bottom of each such group, whether a college graduate or 
not, whether a chemical engineer or a civil engineer, 
whether a man with many years of service or freshly out 
of college, is hardly to be distinguished as regards income 
from a skilled wage earner. 

We [of the Bureau] do not feel ourselves competent to 
project from these data what the future holds in store for 
the high-school boy who must be advised as to what type 
of training will be most advantageous. We hope he may 
be fortunate enough to encounter wise advice. We dare. 
do no more than point out that in 1929 the average in- 
come of graduate engineers with 10 years’ experience 
ranged from $3,600 to $4,600 in the various professional 
classes. In 1929 only 6.4 per cent of the incomes in the 
United States exceeded $4,000. Furthermore, engineer- 
ing is a profession in which earning capacity advances and 
is sustained until late in life. But if in these respects the 
profession appears attractive on the average, its rewards 
are not particularly attractive to the poorer or less for- 
tunate engineers. Even in 1929 the lowest-paid 10 per 
cent of the engineers could hope for no more than $2,500 
to $3,000, though they might stay in the profession for 40 
years. In 1934, exposed as the profession was to the risks 
of unemployment, the lowest-paid 10 per cent of the engi- 
neers with less than 5 years’ experience after graduation 
earned less than $1,000. Even with 10 to 30 years’ experi- 
ence they earned no more than $1,000 to $1,500. Judged 
from the basis of money income, there can be no question 
but that the best of a group of skilled wage earners are in 
better economic position than those who struggle to main- 
tain a position on the fringes of the engineering profession. 
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steel and strip products has made necessary the appli- 
cation of electrical apparatus to modern developments 
in rolling-mill machinery and caused the rapid construc- 
tion of many wide continuous hot- and cold-strip mills 
in every section of the country. A comprehensive picture 
of a strip mill, and the application of electricity to the 
production of sheet steel can be seen in Bethlehem Steel 
Company’s hot- and cold-strip mill. 

This mill is built on a plot of 67 acres adjacent to, and 
across the highway from the main plant, acquired for the 
_ purpose of providing ample space for the best arrangement 
_ of buildings, in order that the most economic routing of 
_materials and product through its 22 acres of floor space 
: could be obtained. 

_ This mill, which has an annual hot-rolled capacity of 

strip, sheet, and light plate of 800,000 tons, of which 
360,000 tons can be converted into cold-rolled finished 
product, is capable of producing wide strip up to 60 
inches in width by 0.0625 inch in thickness, and 72 inches 
in width by 0.078 inch in thickness, with a minimum 
width of 18 inches by 0.05 inch thick; as well as light 
plates up to '/2 inch in thickness. Cold-rolled strip is 
produced ranging from 18'/: inches to 72 inches wide and 
from 0.0125 inch in thickness up to 0.109 inch in thickness, 
and by cross rolling in a 93-inch 4-high skin pass mill, 
sheets may be rolled up to 84 inches in width. 

All possible refinements for hot-rolled products, as well 
as for cold-rolled sheet and strip for which there is a com- 
mercial demand, are provided in the finishing departments. 

The mill’s location gives it a nearby source of its basic 
material; namely, the slab, the steel made at the open 
hearth furnaces, and the ingots rolled to required sizes in 
the main plant. Its location enables it to use electricity, 
water, and gas from the main plant; also permits service, 
controlled to meet its needs by the South Buffalo Rail- 
road, connecting with 13 trunk line railroads entering 
Buffalo, provides the advantages of shipping facilities on 
the Great Lakes for raw and finished materials, as well 
as the advantage of a location, central in relation to the 
consumers of sheet product. 

The slab storage building (figure 1) comes first in the 
sequence of rolling operation; this building is 925 feet 
long and 85 feet wide, and has a capacity of approximately 
10,000 tons of slabs. The stock of slabs varies in widths 
from 20 inches to 48 inches, in thicknesses from 3 inches 
to 6 inches, and in lengths from 5 feet to 15 feet. These 
slabs, of various chemical composition, are ready for heat- 
ing and rolling as needed. 

The slabs are removed from storage by an overhead 
traveling crane and piled on a magazine pusher, which is 
driven by a 35-horsepower motor through a rack and 

Each operation of the machine 
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lifts the magazine so that a chain drive can carry but one 
slab at a time, onto the furnace charging table. This 3- 
section roller table carries the slab to a position in front 
of one of 3 heating furnaces, from where a pusher forces it 
into the furnace. These furnaces are of the recuperative 
type, 3 zone and triple fired. They have an effective 
heating length of 80 feet and can be either gas or oil fired. 
Each is capable of heating 55 gross tons of slabs per hour, 
giving a total furnace hourly capacity of 165 gross tons. 
At a signal from the head roller, the pulpit A operator, 
located in the slab yard, opens the furnace door, and then 
pushes a slab into the rear of the furnace; this causes one 
of the heated slabs to drop out of the furnace at the other 
end onto the 8-section furnace delivery table. These 
tables are duplicates of the charging tables. 

The slab leaves the furnaces at approximately 2,250 
degrees Fahrenheit and proceeds down the roller table to 
number 1 scale breaker, which precedes a series of 4 mill 
stands in the roughing train. The scale breaker is a 2- 
high mill, having 24-inch diameter by 76-inch long rolls, 
through which the slab passes and is given a slight reduc- 
tion in thickness to break up any scale that may have 
formed on the surface of the slab as it is leaving the fur- 
nace. As the slab leaves the scale breaker, water at 1,000 
pounds pressure is sprayed upon it to remove the loosened 
scale. 

The slab now enters a 4-high broadside mill, which has 
2 36-inch diameter working rolls, and 2 49-inch diameter 
backup rolls, all 96 inches long. Slabs which are to be 
finished as strip less than 48 inches, pass straight through 
this broadside mill; but, for a strip width of greater than 
48 inches, the slab is turned crosswise on the turntable 
and is cross rolled to the desired strip width, after which it 
is turned back 90 degrees for rolling lengthwise in the re- 
maining mill stands. On cross roll passes, a 150-horse- 
power motor-driven pusher is provided to force the slab 
into the stand. 

Before the slab enters the remaining mills of the rough- 
ing group, a slab squeezer, driven by a 275-horsepower 
motor, squeezes the slab sideways to true and square its 
edges. The remaining 3 roughing stands are 4-high uni- 
versal mills, each has 24!/-inch diameter working rolls 
and 49-inch diameter backup rolls 79 inches long, as well as 
2 vertical edging rolls, the latter driven by a 150-horse- 
power motor. These rolls are used to maintain the re- 
quired slab width. 

After leaving the last universal mill, the slab emerges 
onto a long, 2-section approach table. Each section is 
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Slab storage building 


Figure 1. 


driven by 2 35-horsepower motors operated in either series 
or parallel, to give 2 table speeds. Since the finishing 
temperature of the hot strip is a prime factor in the quality 
of the product produced, this roller line serves as a special 
cooling place between the roughing and finishing stands. 
When the thin slab has reached the proper temperature, 
which is automatically indicated by a photoelectric py- 
rometer, it enters the second scale breaker, which breaks up 
the secondary scale, formed on the cooling table. As the 
slab leaves the scale breaker, water at 1,000 pounds pres- 
sure removes the scale. 

The cleaned slab now enters the 6-stand finishing train 
(figure 2). However, unlike the roughing mill, the strip 
is in all of these stands at the same time; thus, the speed 
of successive mill stands must be increased to compensate 
for the elongation in the preceding stand. This, to- 
gether with the loopers, provide a means of keeping the 
slack out of the sheet throughout the finishing mill. 

As in the roughing mills, so in the finishing mill, every 
precaution is taken during the rolling to eliminate scale 
and dirt. Here, steam instead of water is sprayed on the 
rapidly thinning strip just after it passes through each set 
of rolls. As it leaves the last finishing stand, the rapidly 
moving strip may be cut to any predetermined length from 
11 to 22 feet, by a flying shear, synchronized with the 
speed of the strip, or the shear may be used to cut off the 
front and rear crop of the strip to be coiled. 

On the front of each mill, there is a screwdown dial 
resembling a clock face, the hands of which indicate the 
movement of each end of the top roll. The rolls are 
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roughly set up with a feeler 
gauge to produce a definite 
gauge of product. Then, to 
obtain perfectly accurate ad- 
justments, either one or both 
ends of the top roll can be 
moved as small as 1/1,000 of 
an inch by the screwdown 
motors, these movements be- 
ing indicated by the hands on 
the screwdown dial. These 
screws are driven by 70- 
horsepower motors, which 
are coupled by a magnetic 
clutch when the screws are 
moved together. 

Throughout the whole 
series of mill stands, grease is 
automatically pumped into 
the roll neck bearings at in- 
tervals of a few seconds, and 
a constant flow of oil is 
maintained to all motor bear- 
ings, gear and pinion hous- 
ings, and backup roll bear- 
ings. These automatic lubri- 
cation systems help to insure 
a smooth operating mill. 

In the production of hot- 
rolled strip it is important 
to secure the desired grain structure, which is controlled 
by the temperature of the strip as it leaves the finishing 
mill train. The finishing temperature is regulated by the 
length of time that the plate is held on the cooling tables 
ahead of the finishing stands. To indicate the finishing 
temperature, a recording Speedomax has been installed 
and placed within view of the finishing mill operator. 

The finishing end of the hot-strip mill, designed to dis- 
pose of the various products rolled by the hot mill proper, 
consists of runout tables, cooling beds, trimming line, and 
other processing equipment. The runout table equipment 
serves to transport the steel from the mill to the coilers 
in a continuous strip, and to transport sheets, cut to length, 
by the flying shear, to the pilers. 

That part of the runout table A between number 10 
stand of the mill and the coilers is made up of 125 16-inch- 
diameter rollers, direct connected to gear head motors 
through flexible couplings. The motors are 2.25/7.5- 
horsepower 600/1,800-rpm 147/440-volt 20/60-cycle squir- 
rel-cage induction motors, with a 5 to 1 gear ratio output 
shaft. The remainder of A table run, from the coilers to 
the piler, is made up of 216 rollers, 12 inches in diameter, ar- 
ranged for flange-mounted motors with one motor driving 
2 rollers. These motors are 1.37/5-horsepower 560/1,770- 
rpm 147/440-volt 3-phase 20/60-cycle induction motors. 

As the continuous strip approaches the coiler, a door 
is opened in the table roller line, to direct the strip down 
into the coiler, where it is wound around a mandrel to a 
compact coil by individual-motor-driven revolving rolls. 
The finished coil is deposited on a chain conveyor and 
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either carried through an underground tunnel to storage 
space in the continuous-pickler building of the cold mill, 
or taken from the conveyor in the hot-mill shipping build- 
ing to be delivered as hot-rolled coils, or further processed 
in shearing, trimming, and leveling lines. 

These continuous trimming lines consist of a coil box, 
a trimmer, a leveler, and a shear with interconnecting 
roller lines. The strip passes through these machines and 
emerges as cut-to-length flat sheets, ready for shipment or 
storage. The cut-to-length strip from the flying shear is 
collected by automatic pilers and transported to tem- 
porary storage for self-annealing. Part of these sheets 
are delivered as self-annealed black sheets; however, if 
deep drawing qualities are required by the customer, the 
sheets are normalized in a 150-foot-long gas-fired furnace. 

The normalized sheets may be further processed by 
passing through a roller leveler and a skin pass mill. How- 
ever, other finished product specifications may require 
that the normalized sheets be first taken through a sheet 
pickling process. This pickling process consists primarily 
_ of dipping the sheets into a sulphuric-acid bath and a hot- 
_ water rinse and then a cold-water rinse. The sheet next 
passes through a scrubber and dryer for final cleaning. 

For handling and processing plates, 3 additional roller 
tables, designated as B, C, and D lines, have been provided 
south of, and parallel to, A table line. When plate is being 
rolled it is routed from A to B table line by a chain trans- 
fer, driven by 3 70-horsepower motors. The B table run 
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is made up of 434 12-inch-diameter rollers, arranged for 
flange-mounted 0.66/2-horsepower 147/440-volt 3-phase 
20/60-cycle motors, with each motor driving 2 rollers. 
For flexibility of control, this B table run is divided into 
3 major divisions. The first section, consisting of 174 
rollers, delivers the plate to a leveler. The second section 
of 172 rollers carries the plate from the leveler and feeds it 
into a shear, which cuts it to desired lengths. The third 
section of 88 rollers carries the plate from the shear to the 
B to C table transfer. 

C table, used entirely as a transfer and cooling table, is 
made up of 486 12-inch-diameter rollers, arranged for 
flange-mounted 0.5/1.5- horsepower 240/720-rpm 147/440- 
volt 3-phase 20/60-cycle motors, with each motor driving 
2 rollers. 

For convenience in plate handling, this C table is divided 
into 5 separately controlled sections. The last section of 
this table delivers plate to the C to D table transfer. The 
D table run, utilized as a 1/2-inch-plate processing line, 
consists of 480 12-inch-diameter rollers, geared to flange- 
mounted motors duplicate of those driving C table. This 
table is divided into 7 sections. The first 2 sections are 
used either to spot material already processed on B table 
for removal by plate handling equipment, or to deliver 
material requiring further processing to the third section 
of this line which serves as an approach to a rotary side- 
trimming shear. Section number 4 is used to convey the 
material from this shear to a leveler from where it is 
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delivered by section number 5 to an up-cut shear. The 
sheared plate is carried by sections number 6 and number 
7 to piling skids, for transfer to storage and shipment or 
transferred to the °/is-inch trimmer line, or 1/:-inch re- 
squaring shears for further processing. 

All of the motors (figure 3), driving A table rollers and 
both coilers, the motors driving the second section of B 
table, and the motors driving the fourth and fifth sections 
of D table, receive their power from 6 166/500-kva 147/- 
440-volt 3-phase 20/60-cycle synchronous generators, each 
driven by 2. 125/250-horsepower 300-volt 400/1,200-rpm 
shunt-wound, separately excited at 250 volts, adjustable- 
speed d-c motors connected in series to operate from the 
600-volt d-c hot-mill bus. The table sections and coilers 
are arranged to be driven from the 6 alternator sets as 
follows: 


Number 1 motor-alternator drives section number 1 of A table. 
Number 2 motor-alternator drives section number 2 of A table. 
Number 3 motor-alternator drives either number 1 coiler or section 
number 3 of A table. 

Number 4 motor-alternator drives either number 2 coiler or section 
number 4 of A table. 

Number 5 motor-alternator drives section number 2 of B table. 
Number 6 motor-alternator drives section number 4 and number 5 of 
D table. 


The motors driven from these alternators are started 
at base speed, 20 cycles at 147 volts on the line and in- 
creased to full speed, 60 cycles at 440 volts by field weaken- 
ing of the d-c motors driving the alternators. In reverse 
manner the table drives are decelerated to base frequency 
and voltage by field strengthening of the driving motors, 
which pump regenerated energy into the 600-volt system. 
_At base speed the motors are cut free from the alternators 
and brought to rest by d-c dynamic braking. This direct 
current is supplied by a 200-kw 75-volt separately excited 
shunt-wound generator driven by a 300-horsepower 440- 
volt motor. Excitation for this dynamic braking ma- 
chine and the motor-alternator sets is supplied by a 100- 
kw self-excited 250-volt generator driven by a 150-horse- 
power 440-volt motor. 

The motors driving the remaining sections of B, C, and 
D tables are operated at a fixed frequency of 25 cycles at 
about 187 volts, supplied by 2 banks of3  100-kva single- 
phase, 440-volt primary, 170/200-volt secondary, trans- 
formers. 

Coils of strip rolled in the hot mill are carried under- 
ground by 3 motor-driven coil conveyors to coil storage in 
the continuous pickler building. From here the hot- 
rolled coils definitely start on their journey through the 
cold mill for the process of becoming full-finished cold- 
rolled sheets. 

The coils are taken from storage with a lifting magnet 
suspended from a traveling crane, to one of the continuous 
pickling lines, in vertical position. An up-ender tilts this 
coil to a horizontal position, from where it is rolled down 
an incline to the feed reel. The coil is lifted into position 
in this feed reel by an electric hoist, where motor-adjusted 
heads clamp it into place. The strip is threaded into a 
combination processor and straightener, which unwinds 
the coil and levels the sheet. The end of the strip con- 
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tinues to a shear where it is cropped square, so that it can. 
be fastened to the squared end of the preceding strip by a 
stitcher to form a continuous ribbon of steel. 

A looping pit is provided between the stitcher and the 
acid tanks, where sufficient slack can be kept in the strip 
to allow time for the stitching and shearing processes and 
still maintain a continuous passage of steel through the 
pickle tanks. The strip is then pulled by pinch rolls, out 
of the looping pit and through 4 60-foot acid tanks, a 25- 
foot cold-water-rinse tank, and a 25-foot hot-water- 
rinse tank, which helps to dry it. Emerging from the 
latter it moves over a roller table, under which is a hot- 
air dryer, designed to remove all traces of moisture. The 
pickling solution normally consists of a sulphuric-acid 
bath, kept at a temperature of 180 degrees Fahrenheit by 
pyrometrically controlled steam heat. 

As the sheet is pulled from the drying table by the third 
pinch roll, it is recut to original coil lengths by a double- 
cut shear which removes the stitch. A recoiler located at 
the end of the line, coils the strip, from which it is dis- 
charged to a gravity conveyor, weighed, and delivered 
to the storage space adjacent to the tandem cold-rolling 
mills. 

The next step after pickling is to reduce the strips’ 
thickness to such gauges as may have been ordered by 
customers. This is accomplished by rolling the metal 
cold in the 3-stand 4-high tandem mills, there being 2 
sets. One set of mills is designed to roll coils up to 48 
inches maximum width, while the other will roll them up 
to a width of 72 inches. 

The tandem arrangement of 3 mills in series makes pos- 
sible 3 cumulative reductions at one pass of the strip 
through the mill train. Synchronizing the series of mills 
to the proper speed and reduction is accomplished by an 
elaborate electrical control system. The gauge or thick- 
ness of the strip on its passage through the mill stands is 
indicated to the operator by a flying micrometer which 
automatically indicates on a dial any variations in the 
thickness in increments of 0.0002 of an inch. The dial is 
located within view of the operator, and enables him 
quickly to adjust the pressure on the rolls to maintain 
uniform gauge. 

Each mill stand is driven by a 1,250-horsepower motor, 
sufficient power being available to give a delivery speed 
at the last stand of 660 feet per minute. From the stand 
(figure 4), the strip is wound by a reel with a collapsible 
core, which maintains a predetermined strip tension during 
recoiling. After the strip is coiled the reel is stopped, then 
a pneumatic pusher discharges the coil from the reel, and 
the coil is either sent to storage for shipment, or subse- 
quent treatment. 

Preparatory to annealing, the coils from the tandem 
cold mills are cut into sheets, or especially processed in 
coilform. If the steel is to be annealed in sheet form, the 
coils are taken to a group of 3 cutting up lines. Each of 
these lines consists of a feed reel, a side trimming shear, 
roller leveler, and flying shear, arranged in tandem. From 
these lines the strip, now flattened sheets, are delivered in 
packs by gravity conveyors to the annealing department. 
Strip, to be annealed in coil form, is taken to a loose 
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Figure 3. 


winding machine, which rewinds the tightly coiled strip as 
it comes from the tension reel of the tandem mills. This 
is done to permit a more thorough annealing and to elimi- 
nate the possibility of the smooth surface of the coils ad- 
hering to each other under the high annealing tempera- 
ture. 

The annealing equipment consists of 44 gas-fired 
radiant-tube furnaces. Thirty-one of these furnaces, 
provided with 91 bases and inner covers, will handle sheets 
up to 75 inches in width by 220 inches in length or coils 
up to 59 inches in width; 5 furnaces, provided with 14 
bases and inner covers, are capable of taking sheets up to 
84 inches by 186 inches, or coils up to 72 inches in width; 
and 8 furnaces, provided with 28 bases and inner covers, 
size 90 inches by 250 inches, are now being installed. The 
use of several bases to one furnace has secured maximum 
efficiency of furnace capacity. 

In the sequence of the annealing operation, sheets are 
piled on a base, the inner cover placed over the pile, and 
the furnace lowered over this cover. The lower edges of 
both the inner cover and the furnace are sand sealed. 
During the annealing operation, an atmosphere of de- 
oxidized gas is introduced under the inside of the inner 
cover at a slight positive pressure. The temperature in 
the furnace is slowly brought up, until it is a little above 
the predetermined annealing point. To reach this tem- 
perature requires from 30 to 40 hours on sheets, and about 
20 hours on coils. The furnace temperature is maintained 
at this level by automatic control, while the pack of sheets 
is soaked for about 22 hours, or in the case of coils, 6 hours. 
The furnace is then removed by an overhead crane to 
another base that has been charged in a manner similar 
to the first. The annealed pile, enclosed in its inner cover, 
is allowed to cool to about 200 degrees Fahrenheit. The 
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Variable-frequency-motor room 


inner cover is then removed and after the pile has cooled 
to atmospheric temperature, it is removed. The base is 
now ready for another cycle of annealing operations. 

Strip steel, when annealed in coils, is placed upright on 
the bases and covered by the inner cover, and furnace. 
The same method of annealing processes pertains to coils 
as to sheets, except that, due to the separation between 
coil turns, the soaking period can be reduced, making 
possible a shorter annealing cycle. 

Four individual mills have been provided to skin pass 
the annealed sheets, namely: 2 4-high 76-inch mills; 
one 4-high 90-inch mill; and one 2-high 54-inch mill. In 
addition to skin rolling single sheets, one of the 76-inch 
4-high mills and the 2-high 54-inch mill are equipped with 
feed and tension reels for skin passing strip in coil form. 
The slight reduction of one to 3 per cent, not only smooth- 
ens and polishes the sheet but also affects the hardness and 
ductility of the sheet. These qualities can be modified 
by varying the amount of reduction, depending upon the 
draw required in the sheet. 

Strip, in coil form, can be delivered in widths, ranging 
from one inch to 72 inches, and in varying thicknesses 
from 0.0125 inch to 0.125 inch. To supply the narrow 
widths of 18 inches and under, the hot- and cold-rolled 
coils are slit to required widths by especially designed slit- 
ting units. One of these machines is capable of handling 
strip up to 36 inches in width and the other up to 72 inches 
in width. The machines may also be used to trim wide 
strip in coil or sheet form to accurate widths. 

Typical uses of sheet and strip products, rolled by this 
mill, are as follows: 


Hot-rolled sheets are used in the manufacture of tacks, large steel 
tanks, concrete forms, brick pallets, perforated screens, range boilers, 
and similar articles. 
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Hot-rolled annealed sheets are used in the manufacture of steel 
drums, barrels, metal flasks, coiling stock, stove parts, low price 
cabinets, lockers, and shelving, and other products, which do not 
have very rigid forming or surface requirements. 


Blued sheets are used for the manufacture of stove pipe, stove parts, 
and other articles that are finished with a smooth unpainted surface. 


Extra-smooth hot-rolled annealed sheets, also called japanning steel, 
are used principally for steel cabinets, shelving, stove parts, and 
various metal novelties that require a smooth surface suitable for 
lacquer or enamel finish and which do not have severe forming 
requirements. 

Hot-rolled annealed sheets-pickled, have a clean, porous surface and 
are sttitable for products that have drawing or electric welding 
requirements, but they are not recommended for articles on which a 
smooth finished surface is required. They are used by the auto- 
mobile industry for inside body and chassis parts, stich as: inside 
door panels, seat backs and bottoms, floor pans, and pillar posts. 


Cold-rolled sheets are used in the automobile industry for turret 
tops, doors, panels, hoods, fenders, radiator shells, and side aprons; 
in the container industry for milk, paint, ink, grease, and oil cans; 
in the refrigerator industry for panels and doors; in the radio indus- 
try for chassis parts; and in the furniture industry for filing cabinets, 
desks, chairs, partitions, hot-air registor and radiator covers; in the 
electrical industry, cold-rolled stretcher-leveled sheets are used for 
control panels, metal-clad switchgear, instrument panels, breaker 
panels, and for other products which require perfectly flat, non- 
resilient steel. 


Due to the distance between the main plant and the 
strip mill, it became necessary to erect an independent 
boiler plant to provide steam for processing and heating. 
This station is equipped with 4 500-horsepower boilers, 
150 pounds pressure, 200 degrees superheat, capable of 
operating at 200 per cent rating. The units are designed 
to use coke breeze for fuel; this fuel is handled from cars 
to bunkers over the boilers by an automatic skip hoist and 
belt conveyor. The fuel is fed into the boilers by chain- 
grate stokers, and the ash removed by dumping directly 
into hopper cars. Three of the 4 boilers are equipped with 


Figure 4. Delivery side of 54-inch tandem mill, showing 
tension reel 
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Figure 5. Number 5 substation 


steam-driven auxiliaries, the fourth being equipped with 
motor-driven auxiliaries. The boiler feed pumps, water- 
softening plant,and 3 2,000-cubic-feet-per-minute air com- 
pressors for general plant service, are located in a room ad- 
joining the boiler house proper. 

A roll shop is provided as a continuation of the cold- 
mill building, for grinding both the hot- and cold-mill 
rolls. This shop is equipped with 2 53-inch by 20-foot 
and 2 36-inch by 18-foot grinders, together with bearing 
changing blocks, roll racks, and sandblasting equipment 
for surfacing the cold-mill rolls. 

A service building located central to the hot and cold 
mill, contains an electric shop, machine shop, and store- 
house for small machines and tools required for general 
plant maintenance. 

For the convenience of the large number of workmen a 
welfare building was built between the hot and cold mills 
to provide shower baths, washing basins, and individual 
lockers for the workmen. This building is steel brick con- 
struction, with glazed tile interior; covered walkways 
have been provided between this building and the various 
departments for the convenience of the workmen. 

As the steel industry has developed, electricity has 
played an increasingly important part in the production of 
steel. Thus, with the large investment in the modern 
strip mill, it becomes most important that provision be 
made to supply adequate power with minimum interrup- 
tion to service. 

The power for this strip mill is supplied from 3 different 
sources over 6 lines from 2 different directions. The main 
source of supply is number 5 substation (figure 5). This 
station is located approximately 600 feet east of the hot- 
mill motor room, and consists of a 2-bay outdoor high- 
voltage switching structure, 56 feet by 80 feet. This station 
is fed from the power company over 2  3-phase 25-cycle 
60,000-volt lines, each rated at 40,000 kva. These lines 
pass through: this structure and continue to another sub- 
station feeding the main plant. 

Each of the power company’s lines occupy one bay of 
the high-voltage structure and with the use of a cross bus 
and tie switch, it is possible to feed this station from either 
or both of these lines. The structure is designed to ac- 
commodate 2 15,000-kva 60,000/6,600-volt 25-cycle 3- 
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Figure 6. General view of motor room 


phase water-cooled banks of transformers, one of which 
is installed at present. 

A secondary bus structure, 20 feet deep by 40 feet long, 
is provided to accommodate the bus work, oil switch on the 
secondary side of the transformer, and the disconnect 
switches on the outgoing lines. Provision is made to add 
a duplicate secondary structure for the future bank of 
transformers. 

The secondary bus structure and the towers between the 
substation and the motor room are designed for 6 500,000- 
circular-mil circuits, 4 of which are installed at present. 
These lines are tied to the secondary bus of the trans- 
formers through 1,200-ampere high-pressure-contact out- 
door disconnect switches and 2 circuits are paralleled on 
the other end to feed the motor-room bus through a 1,200- 
ampere 500,000-kva metal-clad oil circuit breaker. 

The 2 power company lines that pass through station 
number 5, continue to the main plant to feed station num- 
ber 3 through 2 400-ampere 1,000,000-kva oil circuit 
breakers. This station is very similar in design to station 
number 5, including the cross bus and transformer layout 
for 2. 15,000-kva 60,000/6,600-volt 3-phase 25-cycle air- 
cooled banks of transformers, both of which are installed 
and operating. Space is available at this station for the 
installation of a third 15,000-kva bank, duplicate of above. 
This station is located about one mile north of the 
strip mill, with a 6,600-volt tower line connecting the 
substation with the mill, designed for 4 500,000-circular- 
mil circuits, 2 of which are installed at the present 
time. Each line is tied to the substation bus through a 
1,200-ampere 25,000-volt outdoor-type oil circuit breaker 
and each is tied to the motor-room bus through a 
1,200-ampere 500,000-kva metal-clad oil circuit breaker. 

(Figure 6) this is a general view of the motor room 
with the d-c motors driving the finishing mill in the right 
foreground, the2 1,500-kw auxiliary motor-generator sets 
in the right center, and the 6,600-volt a-c roughing-mill 
induction motors in the right background. The2 6,000- 
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kw motor-generator sets driving the finishing-mill motors 
are shown in the left foreground and the 6,600-volt metal- 
clad bus structure in the left center. 

This metal-clad bus structure consists of 22 high-speed 
1,200-ampere 500,000-kva_ oil switches, complete with 
sealed-in bus compartment. A 250-volt storage battery is 
located in the basement to provide closing and tripping 
power for these switches. 

The main bus in this metal-clad structure is separated 
into 2 parts which are tied together through a 2,000- 
ampere nonautomatic 500,000-kva oil circuit breaker. 
The incoming lines from number 3 substation feed into 
the west end of this bus and the incoming lines from 
number 5 substation feed into the east end of this bus. 
The roughing-mill induction motors, the 3 cold-mill 
motor-generator sets, and one of the auxiliary motor- 
generator sets feed off the west bus and the finishing-mill 
motor-generator sets, auxiliary transformers, spray pumps, 
and one of the auxiliary motor-generator sets feed off the 
east bus. The normal operation of the power system is 
to have the east and west busses tied together with the 
lines from both number 3 and number 5 substations 
operating in parallel. 

The bus at number 3 substation that feeds the 2 500,000- 
circular-mil lines to the strip mill is tied in with a 25,000- 
kva generating station through the plant network. 

The roughing-mill motors driving number 1 scale 
breaker and stands numbers 1 to 4, inclusive, are 6,600- 
volt 3-phase 25-cycle induction motors equipped with 
automatic liquid slip regulators for starting and regulating 
the load, with the exception of the 1,000-horsepower 
squirrel-cage motor driving number 1 scale breaker, which 
starts across the line. Each motor has 6 leads brought 
out of the stator, with current transformers ahead of the 
motor and in the neutral for differential protection. 

These motors are stopped by applying direct current to 
the motor windings, which results in a modified form of 
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Figure 7. Kilowatt-hours per month 
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Figure 8. Maximum 15-minute demands 


dynamic braking. The ratings of these motors are as 
follows: 


Number 1 scale breaker 1,000horsepower Squirrelcage 375rpm 
Number 1 stand 3;000 horsepower Woundrotor 150 rpm 
Number 2 stand 3,000 horsepower Woundrotor 500rpm 
Number 3 stand 3,000 horsepower Woundrotor 500rpm 
Number 4 stand 3,000 horsepower Woundrotor 500rpm 


Number 1 stand has a flywheel mounted on the motor 
shaft and numbers 2, 3, and 4 stands have 2 flywheels 
mounted on the pinion shaft of the gear unit. 

The 600-volt direct current, to operate the finishing- 
mill motors, is supplied by 2 6,000-kw motor-generator 
sets, each set consisting of one motor and 2 generators. 
The motor driving these sets is a 7,200-kva 6,600-volt 3- 
phase 25-cycle 375-rpm synchronous motor, connected 
for differential protection, the same as roughing-mill induc- 
tion motors. The motors are started through the 1,200- 
ampere metal-clad switchgear and are brought up to speed 
as an induction motor, the current being limited by the 
starting reactor to 165 per cent in terms of normal rating. 
At approximately 90 per cent speed, a light field is applied 
to the motor to pull the machine in step with proper 
polarity on field poles. After the machine pulls into step, 
the reactor is shorted out of the circuit, placing the ma- 
chine across the line, and at the same time full field is ap- 
plied. The d-c generators are rated 3,000-kw 600-volt 
d-c continuous rated, open, compensated, shunt wound, 
separately excited with 250 volts, direct current. 

The 4 generators feed into a common bus, from which, 
the 7 d-c finishing-mill motors and the variable-frequency 
motor-generator sets obtain their power. The ratings of 
these motors are as follows: 


Number 2 scale breaker il 500 horsepower 150/600 rpm 
Numbers 5, 6, 7 stands 3 3,500 horsepower 175/300 rpm 
Numbers 8, 9 stands 2 4,500 horsepower 125/250 rpm 
Number 10 stand 1 2,500 horsepower 175/350 rpm 


making a total connected load of 22,500 horsepower for 
finishing stands. 

These 22,500 horsepower of d-c motors, together with 
the 4 3,000-kw generators, form an extremely heavy con- 
centration of d-c power on the 600-volt d-c bus. In the 
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case of a short circuit on this bus, there would be developed 
a current in the nature of 300,000 amperes, which would 
produce an estimated separating force of several tons per 
running foot for ordinary bus spacing. Since the force is 
inversely proportional to the distance between the busses, 
this installation was made with busses placed at several 
times normal spacing. The positive and negative busses 
were placed on opposite sides of the bus room, to give this 
wide spacing. Aluminum channel, placed back to back, 
was used to increase the lateral stiffness and in addition, 
the bus was firmly braced against the walls of the room. 
Each motor and generator and the 600-volt bus to the 
variable-frequency room are tied to the main bus through 
2 single-pole high-speed d-c circuit breakers, incorporating 
the “‘rate of rise” feature of instantaneous trip on direct 
short circuits. These breakers are located in both the 
positive and negative legs of each machine and spaced on 
opposite sides of the room each being firmly braced to the 
back walls. This entire construction of bus, circuit 
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Figure 9. Hot-strip mill 


breakers, and feeder bus was designed to withstand heavy 
short-circuit stresses. 

The d-c motors and generators are connected to the bus 
at zero voltage and motors brought up to speed by build- 
ing up the generator voltage by the use of a motor-operated 
potentiometer rheostat. Each individual motor is ad- 
justed to the required speed by weakening or strengthen- 
ing the field of the motor with the use of a motor-operated 
coarse rheostat and a hand-operated vernier rheostat, both 
located in the mill pulpit C, from which point the finishing- 
mill motors are controlled. Six meters, calibrated in 
horsepower, are located in the face of C pulpit, in view of 
the roller, to indicate load on the 6 finishing stands. _ 

A great deal of heat is generated through the heavy 
loads imposed on the main drive equipment. To dis- 
sipate this heat a recirculating system of ventilation is 
provided. The finishing-mill motor foundations are so 
arranged that all 6 motor pits are connected with each 
other forming a tunnel, closed on each side and open at the 
ends. The 2 6,000-kw motor-generator sets, located 
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directly across the room have a similar layout in the 


foundation arrangement. The rotating motors and gener- 
ators pick up cool, clean air in the motor room by their 
natural fan action, which ventilates the machines and is 
then discharged into the foundation tunnel. At each end 
of these 2 foundation tunnels is a surface cooler through 
which the heated air from the machines must pass, to be 
recooled to normal temperature. A blower is located near 
the discharge of each of these coolers, the sucking action 
of which draws the air through the coolers and discharges 
it into the motor room for recirculation. As the 4 blowers 
are not connected direct to the coolers, any one of the units 
can be shut down without affecting the coolers. Under 
normal operation the blowers operating depends upon the 
temperature in the motor room. To offset air losses, as 
well as to maintain a slight positive pressure in the motor 
room, makeup fans are provided at each end of the room. 
These fans draw fresh air from the outside, through a 
filter cleaning equipment and discharge it into the motor- 
room basement. 

The 2 hydraulic spray pumps are driven by 2  1,000- 
horsepower 6,600-volt wound-rotor induction motors, the 
pumps deliver 1,000 gallons per minute at 1,000 pounds 
pressure to the spray nozzles. 

The cold-mill substation contains the motor-generator 
sets and auxiliary units for driving the tandem and skin 
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pass mills. A 3-unit 6,000-kw motor-generator set, dupli- 
cate of the hot-mill main drive sets, is provided to furnish 
600-volt direct current to the 76-inch tandem mill from 
one generator to the 54-inch tandem mill from the other 
generator. A 2,500-kw motor-generator set driven by a 
3,750-horsepower 6,600-volt synchronous motor, direct 
connected to 2 1,250-kw 600-volt generators, furnishes 
power to the 2 76-inch skin pass mills. A 1,300-kw 
motor-generator set driven by a 2,000-horsepower 6,600- 
volt synchronous motor, is direct connected to 3 genera- 
tors. Two of these generators are 500-kw 300-volt 
capacity and one generator is 300-kw 250-volt capacity. 
The 2 500-kw generators are normally connected in series 
to provide 600 volts to drive the 90-inch skin pass mill. 
However, they can be connected in parallel to provide 
emergency 250-volt direct current for plant auxiliaries at 
reduced capacity. The 300-kw generator furnishes power 
to drive the 54-inch skin pass mill. The ventilating 
scheme of the substation is duplicate of the hot-mill motor 
room, described earlier in this paper. 

A bus tunnel is provided to connect the cold mill sub- 
station with the various cold-mill control rooms, which 
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are located in the basement. The top of this tunnel houses 
the bus runs between the generators and the tandem and 
skin pass mill motors and the tunnel proper is used to pro- 
vide makeup air for the ventilation of the cold-mill drive 
motors. The makeup air equipment consists of an air 
washer and blower located at the end of the tunnel, the 
blower discharging into the tunnel to maintain a slight 
positive pressure in the tunnel and control rooms. Each 
of the cold-mill drive motors has its own recirculating ven- 
tilation system, taking air from the tunnel, circulating it 
through the motors and coolers to discharge into the 
tunnel again. In this manner, each motor is cooled with 
fresh clean air. 

The d-c auxiliary power for both hot and cold mill is 
supplied by 2 1,500-kw motor-generator sets, each driven 
by a 2,100-kva 6,600-volt 500-rpm 80-per-cent-power- 
factor synchronous motor with 250-volt d-c field excitation 
from the d-c end. The motor is designed for full-voltage 
starting, requiring 500 per cent kilovolt-ampere inrush, 
in terms of normal rating. The generator is rated 1,500 
kw at 250 volts, and is self-excited and flat compound 
wound. The 2 generators are arranged to operate in 
parallel, but only one set is required to furnish both hot- 
and cold-mill power. 

The 2 1,500-kw generators tie into the 250-volt bus 
through 2 8,000-ampere single-pole 600-volt air circuit 
breakers, each equipped with overload, under voltage, 
and reverse-current features. The d-c power is fed into 
the various sections of both hot and cold mill over 6 
feeder circuits, each connected to the bus with a 4,000- 
ampere single-pole 600-volt air circuit breaker with in- 
verse time overload protection. 

The a-c auxiliary power is supplied by 3 1,000-kva 
6,600/440-volts ingle-phase 25-cycle air-cooled trans- 
formers connected delta-delta. The power is distributed 
to the mill over 3 3-phase circuits, each protected with a 
1,600-ampere 3-pole 600-volt air circuit breaker. 

The entire lighting for the mill is supplied by a bank of 
3 500-kva 6,600/440-volt single-phase 25-cycle air-cooled 
transformers, connected delta-delta. The primary side of 
this bank is connected in parallel with the primary side 
of the power transformers, and both are fed through a 


common oil circuit breaker from the station bus. The 
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secondary side of this bank feeds through a 4,000-ampere 
3-pole 600-volt air circuit breaker, to the various dis- 
tribution points throughout the mill. At these points, the 
440-volt power is stepped down to 3 phase, 110-volts, 
through 7!/,- and 10-kva single-phase oil-insulated air- 
cooled transformer banks, to sectionalized 110-volt feeder 
circuits. 

The overhead lighting consists of 300 porcelain-enamel 
reflectors, 225 silver-backed glass reflectors with steel 
covers, and 450 prismatic glass reflectors with spun-on 
steel covers. All of these units are of the high-bay type of 
750 watts capacity. The low-bay lighting, control house 
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Summary of Total Connected Horsepower 


Number Horsepower 
DAGLOLS——“ HOE PINs, toa, caste oo si-s 5) oss be api 1s ea vove seal spe dytetans VA0T ference 81,550 
‘Generators— hot milla acts see ee dee We eer ats cle _ 24 clare ote 23,850 
Rotel —— HOt tri lls payee vsleve. cus ine se sa laKe a susisien oes a teters anaes Vee Got 105,401 
Motors-—coldimiills ey. 5 sc etaiese ne atein.s csanrsche erate pincse tae SLE omtetsls 35,050 
Generators——cold! mail opts aso hie aioe oe on ete en reat LSet one 13,675 
sPotal—coldsmilsaeee cits. oh... teveuete CMe toca OSs B82 erecte 48,725 
motalunstalled units neaetiecelh suites Poe cs siehestie wee 6 BTR odode 154,126 


and pulpit lighting, and various scattered units, consists 
of over 700 units, varying in capacity from 50 to 500 watts. 
The tunnel lighting consists of 220 units, built into the 
side walls, each of 200 watt capacity. 

All of the above units are controlled by 350 2-pole 60- 
ampere 110-volt circuit breakers with overload protection, 
enclosed in cast iron case. These breakers are fed from the 
sectionalized 110-volt lighting busses. 

To give a more comprehensive picture of the power re- 
quirements of this hot- and cold-strip mill, the following 
curves have been plotted to graphically show the relation 
between the kilowatt-hours, the kilowatt demand, and 
tons charged. 

(Figure 7) top curve shows the kilowatt-hours con- 
sumed by the total Lackawanna plant for 1936 and the 
first quarter of 1937, including the strip mill, while the 
bottom curve shows kilowatt-hour consumption of the 
strip mill alone for the same period. The top curve shows 
the gradual increase in kilowatt-hours for the total plant 
from 13,200,000 kilowatt-hours in February 1936 to 
32,578,000 kilowatt-hours in March 1937 and corre- 
sponding to this increase in total energy consumed, the 
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Figure 12. Cold 
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strip mill, starting in January 1936, used 1,600,000 kilo- 
watt-hours, gradually increasing to 9,256,000 kilowatt- 
hours in March 1937, or approximately 28.4 per cent of 
the total plant power, which averages 1,050,000 kilowatt- 
hours per day. 

Figure 8 shows the maximum 15-minute monthly de- 
mand for the total plant and the maximum 15-minute 
monthly demand for the hot- and cold-strip mill. The 


‘total plant demand has increased from 32,000 kw in 


February 1936 to 61,140 kw in March 1937. The maxi- 
mum demand for the strip mill has gradually increased 
from 15,000 kw in May 1936, the first month that the 
demand meter was installed, to 22,680 kw in March 1937. 
This demand has gradually increased with the increase in 
tonnage rolled. 

(Figure 9) curve 1 on this graph represents the 
charged tons which have gradually increased from 4,000 
tons, the first month of rolling, to 77,800 tons in March 
1937. Curve 2, showing total kilowatt-hours per charged 
ton, has gradually decreased from 333 to 85 kilowatt- 
hours per ton. Curve 3 shows the kilowatt-hours per 
charged ton for the main drive, and represents that part 
of the total power used by the main drive motors, and the 
difference between curves 2 and 3 represent that part of 
the total power used by the auxiliary equipment. The ~ 
main drive equipment uses approximately 75 per cent of 
the total power and the auxiliary equipment uses approxi- 
mately 25 per cent. 

Figure 9 shows that the total kilowatt-hours per ton 
remains approximately constant above 55,000 tons. How- 
ever, below 55,000 tons, the curve begins to rise at an 
increasingly rapid rate. Figure 10 shows a curve plotted 
between charged tons and kilowatt-hours per charged ton 
and confirms the above statement. 

In analyzing the tandem tons rolled in the cold mill, 
(figure 11), it will be noted that the total kilowatt-hours 
per ton, curve 2, has decreased from 143 to 92, as the tan- 
dem tons, curve 1, increased from 8,000 to 28,000 tons. 
Further, it will be noted that the kilowatt-hours per ton 
for the main drive equipment remained almost constant 
at 49 kilowatt-hours per ton, while the variation in total 
kilowatt-hours per ton to the mill occurred in the auxiliary 
drive equipment. The cold-mill main drive equipment 
uses approximately 53 per cent of the total energy and the 
auxiliaries, approximately 47 per cent, and the kilowatt- 
hours per ton for the cold mill remain almost constant 
above 22,000 tons, but rises sharply as the tonnage de- 
creases. Also, the curve in figure 12, plotted between 
tandem tons and kilowatt-hours per tandem ton, flattens 
out at 22,000 tons, indicating approximately a constant 
value of kilowatt-hours per ton above this tonnage. 
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Synopsis : 


Approximately one tenth of the investment in the 
American steel industry is in electrical plant. The power 
consumption of steel mills is increasing. About two 
thirds of the power used is generated within the plants but 


: there is a trend toward increased purchase of power. 


Electricity is gaining a foothold in the field of trans- 
portation through the Diesel-electric locomotive. 
D-c motors are being used more for main-roll drives. 


Synchronous motors are also gaining favor. Reversing 


_ drives have developed interesting ramifications. 
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There is a trend toward subdivision of main roll drives. 
The combination of reduction gears and mill pinions into 
a single unit is of interest. The use of new types of bear- 
ings affects power requirements. 

The concentration of d-c power associated with the 
main-roll drives of wide strip mills has introduced prob- 
lems concerning interrupting capacity of circuit breakers 
and strength of bus installations. 

In the field of auxiliary drives, the increased application 
of small individual induction motors is notable. 

Electrical precipitation finds greater acceptance in the 
field of gas cleaning. 

Electric melting furnaces supply a small but growing 
increment of total steel production. High-frequency heat- 
ing is finding some uses. New types of electric furnaces 
are being installed for heat treating and annealing opera- 
tions. 


minor part in the steel industry. It has gained 

rapidly and steadily in importance. Today, in a 
total investment on the order of $5,000,000,000 represented 
by the American steel industry, more than $500,000,000 
is involved in electrical plant. Considering a typical 
steel plant as a whole, about 10 per cent of the total invest- 
ment is electrical. 

The relationships between electrical plant and total in- 
vestment are indicated by the approximate figures shown 
in table I. 

The cost of materials is the major element in the cost of 
producing steel. The cost of electric power is a minor ele- 
ment. In the iron- and steel-producing departments, the 
cost of electric power is generally not more than 5 per cent 
of the total conversion cost. In the rolling mills, the cost 
of electric power commonly amounts to about 10 to 15 
per cent of the conversion cost. Although relatively a 
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minor item, in an absolute sense the amount of electric 
power consumed and the cost thereof are substantial 
figures. 

The installed capacity in main-drive motors in Ameri- 
can steel mills is nearly 3,000,000 horsepower. The 
capacity of main and auxiliary drives combined approaches 
8,000,000 horsepower. The installed generating capacity 
driven by prime movers amounts to about 1,250,000 kw. 
The present annual power consumption of the industry is 
about 7,000,000,000 kilowatt-hours. All American public 
utilities combined generated in 1934 about 95,000,000,000 
killowatt-hours. 

The rate of power consumption of American steel mills 
is increasing for several reasons: 


1. Mills are becoming more fully electrified. 
2. New applications of electricity are being developed. 


3. The character of product is changing. 


In 1926, about 20 per cent of the rolled product was 
represented by heavy sections such as rails and structurals, 
which involve only a moderate amount of work per ton 
due to moderate elongation in rolling. The total power 
represented in a ton of rails is about 100 kilowatt-hours. 
Today less than 15 per cent of the finished product leaves 
the mills in these heavy shapes. 

Such products as sheets, strip, tin plate, and wire rod 
require relatively large amounts of power for rolling. A 
ton of sheets or rods may represent an accumulated ex- 
penditure of more than 200 kilowatt-hours of power. In 
1926, about one third of the product took these forms. 
Today about two thirds is so rolled. 

Approximately two thirds of the power consumed in our 
steel plants is generated in their own power plants. About 
one third is purchased from utilities. 

The figures for 1929 are approximately as follows: 


Electric power purchased from public 


BLU bh ecw ey ee Pen Clo AP we RONG CICLO EEE 3,500,000,000 kilowatt-hours 

Electric power generated by prime 

MOVETS It StECL PIA tSe raters « tle y nels 6,000,000,000 kilowatt-hours 

Total use of electric power..........--9,500,000,000 kilowatt-hours 
Table | 


Per Cent Investment Represented. 


Unit or Department by Electrical Plant 


Coke ovens, blast furnaces, and steel making 


(open hearths)... 2.2.02 20s cee erence etre neem steeners 5 
IMTS AV OLATEs creole wie cleieieneelicimisia lest ain} >) wl olere + ane eo eieisieusiahens = 15 
Power and blowing plant..........---. eee eee teeter eens 25 
Total plant average.......2- cess ee cee cnet tee rete 10 
Modern wide strip mill (hot)..........-. esse serene eee 25 

(alte) erpuctan oo cop Bono pacar eehod b 10 
(CEOLAN ome tiens tease ders eae een to 20 


1115 


Industrial truck handling 8-ton coil of strip 


Figure 1. 


The steel industry is probably the largest industrial con- 
sumer of electric power. However, because of the large 
amount of power generated in its own plants, it is only on 
an approximate par with 3 other industries as a purchaser 
of electric power from utilities. The big four are the steel 
industry, chemical industry, food products, and printing. 

The trend, in the steel industry, is toward purchase of 
a greater amount of power, both in absolute and in relative 
sense. Three factors which encourage this trend may be 
mentioned : 


1. Large increases in power demand are generally associated with 
installation of heavy mill equipment involving large expenditures. 
Additional simultaneous investment for power generating plant may 
be undesirable. 


2. The increase in power consumption per ton of rolled product 
results in a decrease in the amount of available by-product fuels 
relative to the power load. Moreover, by-product fuels are being 
diverted to process uses where they are more valuable. The avail- 
ability of by-product fuels for power generation is decreasing both 
in relative and in absolute sense. Hence, power generation must be 
based, in increasing degree, upon purchased fuel. 


3. The utilities are encouraging power purchase through more 
reliable supply and through development of contracts suited to the 
special requirements of the steel mills. 


4. The applications of electricity in steel mills are so varied in 
character and have so many ramifications that it is possible, in a 
brief discussion, to touch upon only a few features, selected some- 
what at random, but with a view to developments of recent years. 


Modernization of Generating Stations 


A number of steel plants have taken steps toward 
modernization of their existing power plants, involving the 


Figure 2. 
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installation of new high-pressure boilers and topping tur- 
bine generators exhausting into the existing steam mains. 
This practice has permitted modernization of boiler 
plants, increase in generating capacity, and improvement 
in economy to be accomplished at minimum expense. T he 
resulting plants compare favorably in performance with 
those of the public utilities. 


Steam Drives 


Although electrification in steel plants is very general, 
steam drive is still retained for a few classes of equipment. 
Most notable are coke-oven exhausters and gas boosters 
and blast-furnace blowers. Exhausters are steam driven 
because of the nicety of speed regulation required, and 
because the exhaust steam is needed for process uses. Gas 
boosters are quite large units, well suited in speed require- 
ment to turbine drive. Centrifugal blast-furnace blowers 
continue to be driven by steam turbines because of ease 
and perfection of speed control and also because they excel, 
both in over-all economy and in first cost, any method of 
electric drive yet proposed. Moreover, involving less 
steps of transformation, they are more reliable than would 
be motor-driven units supplied by turbine generators. 

In the Buffalo district, where power is exceptionally 
cheap, a motor-driven centrifugal blast furnace blower has 
been installed. The drive is a 2-pole synchronous motor. 
Control of pressure and volume is by a device, termed a 
power wheel, which throttles the inlet pressure by nreans 
of a set of adjustable vanes somewhat akin to the vanes of 
a water wheel. The velocity imparted to the intake air 
in throttling is partially converted into power in the first 
stage of the compressor intead of being dissipated in 
eddies, as by an ordinary damper. Good regulation of 
volume is obtained. The equipment is quite simple. The 
efficiency is comparable with that which might be ob- 
tained with a wound-rotor motor drive using secondary 
resistance control. 


Transportation 


Another field in which electricity has not made great 
inroads is that of transportation. There are a few in- 
dividual runs in steel plants where electric locomotives or 
cars are employed. Both overhead and third-rail sys- 
tems are represented. But there is, I believe, no steel 
plant in this country which has a completely electrified 
transport system. The principal deterrent rests in the 
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Twin-motor reversing drive 
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objections to either overhead or third-rail systems of 
upply. 

The Diesel-electric locomotive has made its debut in the 
steel plant, where it is used for switching purposes. It is 
relatively high in first cost but it is faster in operation and 
the operating costs and maintenance costs are substan- 
tially lower. For some classes of service its use appears to 
be well warranted. 

_ There has recently been put into service at one of the 
plants in the Chicago district a gas-electric locomotive 
(60 ton, 500 horsepower) using butane as fuel. This unit 
is broadly comparable in first cost with the gasoline- 
electric unit and comparable in operating cost with the 
Diesel-electric type. 

_ Another field of transportation in which electricity is 
playing an important part is the industrial truck. These 
trucks are finding considerable use in the finishing depart- 
ments of strip mills and wire mills, for instance. Storage- 
battery units and so-called ‘‘ready power’’ units employing 
a gasoline-engine-driven generator as the power source are 
both popular. Figure 1 shows a truck handling one 8-ton 
coil of strip. 


Connected Load and Power Consumption 


In a typical steel plant the large main-drive motors at 
the rolling mills represent less than half of the total in- 
stalled motor capacity. They have a higher load factor 
than the auxiliary drive motors, however, and are there- 
fore responsible for a greater relative share of the power 
consumption. Table II shows typical relationships. 

D-c auxiliary drives are used mostly on cranes, roller 
tables, and manipulating devices which are subject to 
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Figure 3. 


much starting and stopping, but which have substantial 
idle periods. Their load factor is very low. A-c auxili- 
aries include many pumps, fans, conveyors, and similar 
continuously running drives. Their load factor is quite 


high. 
The Trend in Main-Roll Drives 
Over a period of years, the application of motors to 


main-roll drives has changed in a number of respects. T he 
changes are more or less interrelated but may be discussed 


separately. 
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Formerly the a-c motor prevailed. Today the d-c 
motor holds foremost place. In 1928, about 40 per cent 
of the main roll drive motors sold were for alternating 
current, 60 per cent were for direct current. In 1936, only 
13 per cent were a-c motors and 87 per cent were d-c 
motors. 

D-c main-drive motors are being so generally adopted 
because of their controllability, as for reversing drives, and 
because of their ability to meet adjustable-speed require- 
ments. Adjustable speed is more and more commonly 


Table Il. Motor Capacity and Motor Load—Typical Steel 
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demanded, partly for reasons of flexibility and greater 
precision of rolling, partly because of higher rolling speeds, 
and partly because more modern continuous and semi- 
continuous types of mills, with stands in tandem, intro- 
duce requirements which were not met in the earlier lay- 
outs using Belgian roll trains. 

There has been a trend toward individually driven 
roll stands or subdivision into small groups as contrasted 
with the older practice in which one or two large motors 
drove a whole mill. Some of the reasons have been higher 
speeds, greater capacities, greater operating flexibility, 
greater flexibility of layout, mechanical simplification. 

In a-c drives, there has been a trend away from the in- 
duction motor and toward the synchronous motor as will 
be discussed at greater length a little later. 

In general, the trend has been in such direction as to in- 
crease greatly the cost of main roll drive equipment. 


Reversing Drives 


Reversing motors have been used for many years to 
drive blooming mills, roughing mills, plate mills. Some- 
what more recent is their application in tandem on slab- 
bing mills and beam mills. In a slabbing mill, for in- 
stance, 2 sets of rolls work on the piece simultaneously. 
The horizontal rolls reduce its thickness; the vertical 
rolls restrict or reduce its width. These 2 sets of rolls are 
driven by separate reversing motors. These motors must 
accelerate, run, decelerate, and reverse in unison. The 
relative speeds must be different in the forward and in the 
reverse direction of travel. This is accomplished by feed- 
ing both motors from the same generator or generators, 
using variable-voltage control. The relative speed of the 
vertical roll motor is changed, for the 2 directions of travel, 
through change of the field strength of that motor. 

There are installed in one plant in the Chicago district 
2 very interesting reversing motor drives designated as 
double motor drives. Each roll in the 2-high reversing 
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Figure 4. Group drive through lay shaft and bevel gears 


mill is driven by a separate 5,000-horsepower motor. The 
driving spindle for the upper roll passes over the motor 
which drives the lower roll. The use of the twin motor is 
dictated, in a large measure, by mechanical considerations, 
The construction of a 10,000-horsepower motor at 40 
rpm base speed within limits of size feasible for transport 
and erection, would be difficult. The manufacture of 
suitable mill pinions would also be difficult. The twin 
motor affords substantial advantage due to its relatively 
low inertia, resulting in a “‘lively”’ mill. It eliminates the 
necessity of matching roll diameters. Omission of the 
pinions reduces friction losses and eliminates a source of 
back-lash and noise. 

It has long been customary to employ Igner-type motor 
generator sets for supplying direct current to reversing 
motors. Flywheels were provided. To drive these sets, 
wound-rotor induction motors were used, in conjunction 
with liquid slip regulators. This is still the accepted 
practice for blooming mills, slabbing mills, sheared plate 
mills, etc., where the load is heavy and passes are short and 
of brief duration and the load is consequently very peaked. 
In a few recent instances a synchronous motor has been 
substituted for the wound-rotor motor of the set and the 
flywheel has been omitted. This practice is only feasible 
for mills having relatively long passes. Even then the 
power fluctuations are so severe that they can be permitted 
only on a large power system. Where applicable, the 
synchronous motor drive has advantage in first cost, 
efficiency, power factor, and sustained speed as well as in 
greater simplicity. 

A relatively new field for reversing drives is found in 
both hot and cold strip mills. These mills involve not 
alone the main reversing motor, but also the drives for the 
coiling reels upon which the strip is alternately wound and 
unwound as the mill reverses its direction of rolling. The 
reel motors must reverse and the speed must increase and 
decrease in unison with speed changes of the main reversing 
motor; in addition, they must compensate automatically 
for the varying diameter of the coil as it builds up or runs 
off the reel. 


Synchronous Motors 


Ten years ago there were very few synchronous motors 
in use in the steel industry. They were applied only to 
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drive motor-generator sets and for occasional pumps or 
blowers. Today they are widely used for main roll drives. 
Perhaps more commonly they are applied to groups of 
stands. In many instances, however, they drive single 
stands. In very few instances are the starting require- 
ments of main roll drives difficult for synchronous motors 
to meet. More exacting, perhaps, are the severe peak 
loads of brief duration sometimes experienced. The 
synchronous motor is now the normal selection for con- 
stant-speed main roll drives except where flywheels are 
required. Incidentally it may be remarked that flywheels 
are not now used as generally as they once were. | 

An interesting application of synchronous motors is that 
in which stands or pairs of stands in tandem, in continuous 
relationship, are driven by separate motors. The syn- 
chronizing power of the motors causes the rolls in the 
several stands to retain their speed relationship as effec- 
tively as if they were driven from a common line shaft. 
Figure 4 shows the former prevalent practice, employing 
a single drive motor with line shaft and bevel gears. 

Figure 5 shows the newer practice employing subdivided 
drive and herringbone gearing. 

The number of synchronous motors connected to steel- 
plant systems is increasing, not alone because of their more 
frequent use for main roll drives and for driving accessory 
equipment but also because of the great increase in motor- 
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Figure 5. Subdivided drive through helical or herringbone 
gears 


generator capacity occasioned by the increased adoption 
of adjustable-speed d-c drives. 

Most of the synchronous motors initially used in steel 
mills were rated on 80-per-cent-power-factor basis. They 
were overexcited and were utilized for power-factor cor- 
rection. Due to the substantial increase in synchronous 
equipment in use, the need for power-factor correction has 
diminished. It is not desirable to operate 80-per-cent- 
power-factor motors with much less than their full excita- 
tion lest they be deficient in pull-out torque. Hence, 
more motors rated on 90- to 100-per-cent-power-factor 
basis are being selected. 
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D-C Drives 


f Adjustable speed is being provided to an ever-increasing 
extent for main roll stands. The d-c motor at 600 volts 
is practically standard for this service. Figure 6 shows a 
4,500-horsepower 125/250-rpm motor of this type such as 
is applied to the finishing stands of a hot wide strip mill. 
This is representative of the maximum size attained by 
motors of this type. These motors are usually started by 
connecting them at standstill to the supplying generator 
or generators at zero voltage, then building up the voltage 

as the motors accelerate. Because of the large motor 


Figure 6. Ad- 
justable-speed 
d-c motor 


capacities involved, it is usually necessary to operate 
several generators in parallel to supply the direct current. 
Several schemes have been tried to obtain satisfactory 
parallel operation of these generators and, at the same 
time, to secure a closely maintained operating voltage. 
One of these schemes involved interconnected cumulative 
and differential series windings. It is now prevailing 
practice to use simple shunt-wound generators or to pro- 
vide a slight differential winding to give a drooping voltage 
characteristic, thereby insuring satisfactory parallel opera- 
tion. Generators of this type may be paralleled at zero 
voltage. The voltage of all units may then be built up in 
unison, thereby starting all the driven motors at once. 
When the motors attain full speed, all is in readiness for 


rolling. It is no longer necessary to start the motors by 


building up the voltage of one generator and then to paral- 
lel with the other generators before the load is applied. 

When generators with drooping voltage characteristics 
are employed, a voltage regulator is provided to maintain 
constant operating voltage. This functions in connection 
with an exciter which is common to the fields of all of the 
generators operating in parallel; see figure 7. 

D-c reversing motor drives are an exception to this 
practice. When 2 or 3 generators are paralleled to supply 
a single reversing motor or combination of motors, inter- 
connected differential and cumulative field windings are 
generally used to insure division of load among the gen- 
erators, even under severe load changes; see figure 8. 


Cold-Rolling Mills 


In final cold rolling of coils of annealed strip in a so- 
called skin pass, it is advantageous to maintain tension 
upon the piece while it is being compressed between the 
main rolls. It is also desirable that different amounts of 
tension be independently maintained in the process of 
unwinding the coil from one reel and in winding it upon 
another reel. In a recent design of skin pass mills, pinch 
rolls are installed between the unwinding reel and the mill 
stand being entered; a similar pair of pinch ro'ls is located 
on the delivery side of the mill ahead of the reel upon which 
the coil is wound. These pinch rolls are controlled to 
maintain the most advantageous drag and pull tensions in 
the strip on the entering and delivery sides of the main 
rolls. The unwinding and winding reels, in turn, are con- 
trolled to maintain suitable values of drag and pull tension 
in the strip between these respective reels and the ad- 
jacent pinch rolls. 

These tensions are governed by field control responsive 
to current, which determines the tension. The speed of 
the mill as a whole can be varied, without disturbing the 
relationships of the individual elements, by variation 
of the voltage of the generator which supplies all drives in 
common. 

The ability to control the tension as well as the rolling 
pressure appears to be an important contribution to the 
art of cold rolling steel. 
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Combination Gear and Pinion Stands 


While discussing main roll drives, mention should be 
made of recent practice in which the motor speed reducing 
gear or the train of helical or herringbone gears, through 
which the motor drives, is combined with the mill pinions 
in a single unit. Such an arrangement results in com- 
pactness and rigidity. 


Bearings 


As a development affecting motor drive practice, we 
should mention the increasing use of roller bearings, com- 
position bearings, and precision type oil-lubricated bear- 


Figure 8. Parallel 
operation of cu- 
mulative - differ- 
ential compound- 
wound generators 


ings in connection with mill rolls. These bearing types 
have resulted in reductions of rolling power in amounts 
ranging from 10 to 50 per cent, depending upon the type of 
mill, the product being rolled, and the particular conditions 
of the case. 


Concentrations of D-C Power 


Wide strip mills usually have about 6 finishing stands, 
each individually driven by a motor of 2,000- to 4,000- 
horsepower capacity. This is a substantial aggregation 
of motors. See figure 9. The combined full-load rated 
current on a common bus connecting such a group of 
generators and motors may be on the order of 30,000 to 
40,000 amperes. Perhaps 15,000 kw of d-c generators 
will be connected to such a bus. The motors may total 
the equivalent of 20,000 kw. Due to their flat regulation 
characteristics, these motors can and will act as generators 
almost instantly. In the event of a short circuit on such a 
system, the amount of fault current which can flow is 
tremendous. It amounts to several hundred thousand 
amperes, and experience, in the matter of damage done 
indicates that it has plenty of wrecking ability. Way 
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substantial bus construction using structural shapes is 
essential. The positive and negative busses are well 
separated to minimize magnetic stresses. Circuit break- 
ers must be reinforced to prevent being bent out of shape 
by magnetic forces. Circuit breakers have been recently 
developed for this work which, under test, have ruptured 
successfully 70,000 amperes of direct current (as much as 
it is possible to provide for test purposes). These circuit 
breakers have ruptured successfully under test as much 
as 400,000 amperes at 60 cycles. The time of interrup- 
tion is about 3 cycles. 

An interesting development in connection with these 
large circuit breakers is a feature which causes them to 
trip particularly quickly in case the rate of increase of 
current is rapid, as when a severe short circuit occurs. 
This is accomplished in the following manner: The section 
of bus connecting to the circuit breaker is divided into 2 
parallel paths. One path is surrounded by a laminated 
steel yoke. The series trip coil of the circuit breaker is 
interlinked with the other path. Normally the current 
flows equally or proportionally through the 2 paths. 
Only a portion of the current through the breaker passes 
through and acts upon its trip coil, However, when a 
short circuit occurs and the current rises quickly, most of 
the current flows through the low reactance path which is 
not surrounded by the steel yoke. As a consequence of 
this action, most of the current flowing through the breaker 


Figure 9. Motor room; wide strip mill, Youngstown Sheet 
and Tube Company 


passes through and acts on its trip coil and causes it to 


trip more quickly than it would in the case of gradually 
applied load of equal value. 


Auxiliary Drives 


It has long been the practice to equip the main tables 
side guards, manipulator and screw-down mechanisms a 
blooming mills with mill-type motors and magnetic con- 
trollers supplied from a 230-volt d-c system. In a recent 
installation, individual generators are provided to supply 
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the respective drives and Ward-Leonard variable voltage 
control is employed. This arrangement results in some- 
what faster action together with closer speed control over 
a wider range. Since approximately half of the total 
rolling time of such a mill is consumed in reversing and 
manipulating the ingot between passes, expedition of these 
functions may have an appreciable influence upon output. 
This is increasingly true in view of the higher percentage 
of slabs now being rolled in many such mills. 

A notable recent development in auxiliary drives is the 
extensive application of individual small squirrel-cage 
induction motors to table rollers, coilers, sheet mill lifting 
tables. In a single mill recently constructed there are 


some 900 of these motors; see figure 11. 


For individual table-roller drives, the adjustable- 
frequency system of speed control is commonly employed. 
The table drive motors are supplied from a-c generators 
which, in turn, are driven by adjustable speed d-c motors. 
A speed range of 3 or 4 to 1 is common. 

In some cases it is necessary that these tables reverse 
frequently. If the table drive motors were plugged from 
full speed, they would draw very heavy currents from the 
generators supplying them and they would also overheat 


due to the large rotor losses incident to plugging. To 
avoid these difficulties, the table-drive motors are first 


Figure 10. D-c 


circuit breaker 


slowed down by reducing the frequency to a low value. 
They are then plugged, from low speed in one direction to 
low speed in the other direction. They are then acceler- 
ated by increasing the frequency. By this means most of 
the deceleration and acceleration of the table drive motors 
takes place with the motors operating with running char- 
acteristics, that is, with small values of slip. Only during 
a small part of the reversing cycle do the motors operate 
with starting characteristics, that is, with large values of 
slip. 

In the operation of the coilers, the mechanisms which 
coil the flat product emanating from a wide strip mill, 
frequent starting and stopping is involved. The coilers 
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are not reversed but it is desirable to stop them quickly 
and accurately. The simplest possible mechanism in- 
volves the use of several separate motors of small horse- 
power; see figure 12. The most successful control to 
meet these requirements employs dynamic braking. The 
motors are of squirrel-cage induction type. They are 
supplied with power at adjustable frequency in the general 
manner previously described. To stop them, the fre- 
quency is first reduced, then the primary windings are 
disconnected from the a-c supply, and direct current at 


Individual roller-table drives 


Figure 11. 


low voltage is applied to these windings. This direct 
current is obtained from a small motor-generator set. 


Water-Cooled Motor 


Small induction motors have been applied to a number 
of drives which involve very frequent starting, stopping, 
aud reversing. The load is comprised largely of inertia. 
Squirrel-cage motors can be made with very light rotors. 
When 40 starts per minute, or perhaps more, are involved, 
it becomes quite a problem to dissipate the heat generated 
in the motor. To use a larger motor does not help much 
since the rotor inertia increases and the load increases 
likewise. For such cases a water-cooled motor has been 
developed and tried with considerable success; see figure 


13. 


A-C Switching 


Many steel plants have been confronted with problems 
in distribution and in switching, due to the rapid growth 
of their a-c systems. In some cases the increased use of 
synchronous motors has been a factor in increasing the 
current to be handled in case of short circuit. 

In some cases the difficulties have been accentuated by 
the advent of purchased power from utilities. Because of 


1121 


applied to cleaning blast furnace gas. Attempts to 3 
clean this gas in the hot, dry state, preserving its sensible 
heat, have indicated this method to be too expensive and 


the substantial amounts of purchased power involved and 
the desire for economy and reliability of supply, the con- 


nection between the utility generating capacity and the 
steel plant consuming system is usually a fairly direct one. 
Consequently the flow of power in case of a fault may be 
great. It then becomes necessary to employ generally 
switching equipment of high rupturing capacity, or to de- 
vise compromises using group breakers or reactors in order 
that existing equipment may be safely continued in service. 

In general, it may be said that the switching now being 
installed is of much higher rupturing capacity and sub- 
stantially higher cost than in the past. The scheme of 
distribution and switching to be adopted is therefore de- 
serving of increased consideration. 

The advent of deionizing and oil-expulsion types of 
circuit breakers has been timely in permitting higher 
rupturing capacities to be attained within existing limita- 
tions of space and reasonable limitations of cost. In this 
connection, it may be mentioned that the high cost of 
switching has stimulated the use of fewer relatively larger 


Individual drives for coilers 


Figure 12. 


motor-generator sets and the use of 3-unit sets in which one 
synchronous motor drives 2 d-c generators. 


Mercury-Vapor Rectification 


The first installation of a 250-volt rectifier with grid- 
control of voltage has recently been made in a steel mill 
in the Chicago district. The output is used for general 
d-c supply to wire drawing machinery and auxiliaries. 


Electrical Precipitation 


Among the newer uses of electricity in the steel mill, 
electrical precipitation deserves mention. This method 
has been successfully applied to the removal of tar from 
coke oven gas. There are now a number of precipitators 
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too sensitive to be generally acceptable. Precipitation 
has proved to be moderately successful as a method of — 
fine ‘cleaning following wet scrubbing. One deterrent to 
its more general adoption is the rather high cost of neces- 


sary plant. 


Electric Furnaces 


Electric melting furnaces and electric heating furnaces 
are both gaining in popularity. The amount of steel 
produced in electric furnaces for ingot production is a 
small percentage of total production. Nevertheless the 
percentage tends ‘to show steady growth, as indicated by 
the following figures showing the relationship of the ton- 


Figure 13. Water- 
cooled motor 


nage of ingots produced by electric furnaces as a per cent 
of total ingot tonnage: 


19D. oo e.n's oie 05 scelw ase wis 2 Se a ware 0.55 per cent 
VODA e adegcs wis a Sia «5 «97 5-an tas Rie OS Ee 0.61 per cent 
19 2DG sc rt ck ei ee eee EN feet ele. 0.70 per cent 
NODS o oisice wis Wi Ze = ow ees Bes SR Oo oe 0.90 per cent 
LOS re « cnciainite Rleraiererorepepspansinns og SS ee OCR CREE ee 0.78 per cent 
W988 one oi pee sok e 2 6s 400.5 5 ee ee age 1.05 per cent 
es eee ee rer tess Shh ee Oe 1.35 per cent 


Sizeable installations are now being made of electric arc 
furnaces of the top-charged type for the melting of scrap 
for production of carbon steels in small ingot sizes. These 
furnaces involve a substantial increase over previous 
practice in the ratio of transformer capacity to furnace 
volume. 

The application of high-voltage air-break (deionizing) 
circuit breakers for electric are furnace service, involving 
frequent circuit interruption, is deserving of mention. 

The coreless induction furnace is earning recognition as 
one of the tools of the industry. This furnace comprises 
essentially an insulated crucible surrounded by a cylin- 
drical coil of copper tubing. Through this coil, current at 
high frequency is passed, inducing currents in the charge 
in the crucible. The primary or inducing coil is water- 
cooled. 

This type of furnace is essentially a single-phase load. 
The frequencies used range up to 5,000 cycles per second, 
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u E20 cycles is a typical value. The voltage is usually 
about 1,000 volts. The power factor is inherently very 
low but is largely corrected by use of capacitors. Due to 
the high frequency, the cost of these capacitors is not 
excessive. Power of these characteristics is supplied by 
special motor-generator sets. The consumption ranges 
between 600 and 1,000 kilowatt-hours per ton of metal, 
being comparable with are furnaces of similar size. 

As yet the coreless induction furnace has been built 
only in small sizes, having capacity of one ton or less. It 


— 


Figure 14. Bell-type cylindrical annealing furnace 


is probable that larger units will be developed. The prin- 
cipal advantages of this type of furnace are: 


1. Freedom of contamination of the charge (absence of electrodes). 
2. Very high temperatures attainable since heat is internally 
generated. 

8. Uniformity of analysis and rapid refining due in part to electro- 
magnetic circulation of the charge which brings it into contact with 
the slag. 

4, Ability to melt scraps containing alloys without oxidizing and 
losing these alloys in the melting process. 


The coreless induction furnace is applied principally 
to production of steels of very low carbon content (such 
as some magnetic steels); highly refractory alloy melts; 
tool steels and heat-resisting alloys such as iron, nickel, 
chromium alloys. 

High-frequency heating is being applied to a few lower 
temperature heating operations, such, for instance, as 
local annealing at circumferential pipe welds. Develop- 
ment of this field of electrical heating lies ahead of us. 

Electric heating for annealing and heat treating opera- 
tions gains steadily in prominence. Although bulk heat 
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in electrical form is relatively expensive, advantages lead- 
ing to better product often more than compensate. Bet- 
ter control, better furnace insulation, more advantageous 
and uniform heat application, less weight of auxiliary 
equipment heated—these are principal advantages. 

Electric heating furnaces take a great variety of forms. 
Figure 14 shows a recent application of cylindrical bell- 
shaped furnaces for annealing coiled strip. 

Electric heating is being adopted for some controlled- 
atmosphere furnaces. It is desirable that neither free air 
nor products of combustion be permitted to contact the 
metal being heated. The electric resistance furnace is 
inherently well suited since it is easily made externally 
gas tight. The direct, unmuffled heat tends to be most 
uniform and may be distributed to afford favorable tem- 
perature gradients for heat flow. 


Electronic Control 


While the amount of power used in electronic devices is 
negligible, they are being adapted and adopted for steel- 
mill use, and are performing some important control 
functions. One of the most general applications involves 
the use of photoelectric tubes for the determination of 
temperatures of steel during the rolling process, and for 
such indications as the temperatures of furnace walls or 
roofs. 

There are other interesting electrical devices which, 
though small in size, are important in function. Among 
these should be mentioned the so-called selsyn devices for 
remote indication or for synchronized angular movements. 
The “‘thrustor,” which utilizes a centifugal oil-pump to 
translate the rotary motion of a small motor into linear 
motion with considerable force, is finding numerous ap- 
plications in the steel mill. Lifting magnets have been 
modified to dispose the poles and the flux more advantage- 
ously for special applications, such as handling coiled 
strip. 

Electricity is being applied in the field of measuring and 
regulating devices. Sensitive electromagnet gauges are 
being utilized for determining with extreme accuracy the 
thickness of strip by continuous gauging while rolling. 
Strain gauges are being inserted in mill housings to meas- 
ure minutely their stretch, and thereby to indicate rolling 
pressures. Tension rolls are being installed between the 
stands of tandem cold-rolling mills to indicate the tension 
on the piece between stands and to control the drive 
motors of the respective stands to maintain advantageous 
tension. Small winches driven by torque motors are 
being applied to the continuous measurement of the depth 
of burden in blast furnaces. These are but a few examples. 

I hope that this incomplete and abbreviated résumé 
of high lights in the use of electricity in the steel industry 
will give to those of you who are not familiar with the steel 
mills, a glimpse of the wide range of problems which con- 
front the steel mill electrical engineer. To those of you 
within the industry, I trust that this review may have 
suggested some new and useful slant at your every-day 
tasks. Of one thing we may be sure, namely: there is 
much that is new yet ahead. 
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Two-Reaction Theory of Synchronous Machines With Any © 


Balanced Terminal Impedance 
By C. CONCORDIA 


MEMBER AIEE 


Introduction 


H. PARK??% has presented a general analysis of 
R salient-pole synchronous machines* in terms of 
# direct, quadrature, and zero axis quantities. This 
analysis is very well adapted to the case of a machine with 
balanced series inductance and resistance in the armature 
circuit, but requires modification for any other terminal 
impedance. S. B. Crary* has recently extended the 
method of Park to include the effects of balanced armature 
circuit capacitance. In the present paper the same 
method of analysis is further extended to include the effects 
of any balanced impedance network connected to the arma- 
ture terminals. Every concept (impedance operators, 
per-unit quantities, d and q axis quantities, etc.) of the 
previous synchronous machine theory is preserved un- 
changed in this extended theory, and every problem sol- 
vable by the previous theory is now susceptible to an 
exactly similar solution in the extended case. Such prob- 
lems are, e.g.: 3-phase short circuit, sudden application 
or change of load, self-excitation, asynchronous operation, 
hunting, pulling into step, any prescribed change of field 
or armature voltage, torque under any of the conditions 
given above. 

Application of the present theory has been made to the 
determination of the regions of self-excitation occurring 
in induction and synchronous machine circuits containing 
series capacitors. This is described in a related paper. ® 


Results 


The results of the analysis may be stated as follows: 
First let 


— Pla + ta + Vq(P0) 
€g — bv ap 1Uq an Val pe) 
— plo + 10 


where D = 0, Q = 0, N = Oare recognized as the 3 equa- 
tions 8, 9, 10 of reference 2. 

Next let the voltage of phase a due to the external net- 
work be 


(1) 


todd 
zOb 


Zig + Z12ty + Zistc (2) 


with similar expressions for the voltages of phases } and c. 
For any balanced, 6-terminal network containing induct- 


A paper recommended for publication by the AIEE committee on electrical 
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July 22, 1937. 


C. Concorpra is in the engineering division of the central station department, 
General Electric Company, Schenectady, N. Y. 


* It is assumed that the reader is completely familiar with the first 4 of the 
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ances, resistances, and capacitances connected in any 
arbitrary way there is, by ordinary circuit theory, 


Zu = w(p)/y(p) 
aye ao) Or 


for 4,7 na 1, 2, 3; « # j where w(p), v(p), y(P) are poly- 
nomials in the operator p. For example, let 


wp)=dat+ap+ap?+... 


Wp) =o +apt+ap?+... (4) 
y(b) = bo + bip + bap? +... 
Further, let 


a + ap + ap? +. 
66 + ap + ep? +. 


u(p) = w(p) — o(P) 
n(p) = w(p) + 20(p) 


Noll 


Then it may be shown that the general equations of a 
machine, to the terminals of which the balanced impedance 
has been connected, are 


byoD + dota + p(biD + ayiq) = (pA) (10 + Ail) =~ 
— (p0)?}(b2D + arta) — [2(b0)p + (p70) ](b20 + aetg) + 
[p* — 3(p0)*> — 3(p0)( p76) ](bsD + asta) — 
[3(p0)p? + 3(p70)p — (p8)* + (p38) ](bsQ + ast) + 
[p* — 6(p0)*p? — 12(p8)(p0) p + (p0)4—3(p6)? —4(p6) (p70) ] X 
(64D + a4iq) ce 
[4(p9)p3 + Lae 
(0:0 ae Ash) ar 


ge *p + 4(p30) p —6(pA)?(p70) + (p40) ] Xx 
(Sa) 


boQ + aotg + p(di0 + aitig) + (p0)(biD + avig) + 
[p? — (p6)?](b20 + avig) + [2(p0)p + (p76) |(b2D + avig) + 
[p* — 3(p0)?p — 3(p0) (p76) ](bs0 + a3tq) + 
[3(p0)p? + 3(p?0)p — (p8)®+ (p76) ](bsD + asia) + 
b* — 6(p0)*p? — 12(p6) (p76) p + (p0)4—3 (p20)? —4 (pa) (p30) ] Xx 
(010+ aatg) + 
[4(p0) p> + Re = oe) *p + 4(p°6)p — 6(p0)?(p26) + (p40) X 


(bsD + aga) + . (Sb) 
bo N + Coto + p(biN + exi0) + p?(boN + 210) oa aa) (5c) 
or the zero-sequence equation may be written as 
y(P)N + n(p)to = 0 (Sd) 


The derivation of these general equations is given in the 
appendix. Equations 5 may be used directly in place of 
equations 8, 9, 10 of reference 2 to determine the transient 
performance of a synchronous or induction machine with 
any connected balanced network. 


Discussion 
It may be shown that equations 5 yield all the previous 


results as special cases. For example, if there is no ex- 
ternal impedance, all the constants a, c, d, e are zero, while 
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Then equations 5 reduce 


D=0 
= 


which are exactly Park's equations.? Similarly, if there 
1s Series capacitance in the armature circuit, 


w(P) _ se uP) _ 
yb) Bb’ yp) 


so do = a = & = x, db, = 1, while all other constants 
vanish. Then equations 5 reduce to 


xeia + pD — (p0)v 
Xelg repo = (p6)D 


0 
0 (7) 
Xelo + PN 0 : 


toi it 


which are exactly Crary’s equations. 
The present analysis has been restricted to the case of 

balanced circuits. This is because the balanced case is 
the only one for which the use of d, g, 0 axis quantities 
offers any simplification in the actual solution of problems. 
In all cases of operation with unbalanced impedances in the 
armature circuit, e.g., unbalanced faults, the phase quan- 
tities should be used directly. The phase voltage equa- 
tions are given in the appendix and the expressions for 
phase flux linkages in terms of phase currents are given 
in equations 10, 11, 12 of reference 1 or equations 2 of 
reference 2. From the point of view of the practical engi- 
neer one reason for the use of d, g, 0 axis quantities is that 
such use results in the formulation of his problem as a set 
of linear differential equations with constant coefficients. 
These equations may be simply solved by the ordinary 
operational methods with which he is familiar. How- 
ever, when the armature impedances are not balanced the 
machine voltage equations have variable coefficients re- 
gardless of the co-ordinate system used. Thus, it is usually 
simpler in such cases to use phase quantities for voltage, 
flux, and current; on the other hand the machine im- 
pedances should always be expressed along the d and q 
axes. 

For a large class of problems the armature and its con- 
nected circuits may be treated as operating in the steady 
state and only the rotor circuit transients need be con- 
sidered. This form of treatment is the basis of the prac- 
tical utility of the definitions of transient and subtransient 
reactances and is analytically equivalent to the neglect 
of the py terms of the voltage equations. It is obvious 
that when the armature circuits are in steady state 
operation the presence of any connected impedance 
does not complicate the fundamental equations, and 
equations 6, with py = 0, will apply to any case of bal- 
anced armature impedance. From this point of view the 
exact equations derived here are seen as a refinement and 
need be used only for exceptional cases. However, in 
these exceptional cases the refinement is all-important, as 
entirely misleading and useless results may be obtained 
without it. Such, e.g., was the case in the calculation of 

the regions of self-excitation in references 4 and 6. 
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Examples 


ty Suppose the external impedance is simply a bal- 
anced series self- and mutual inductance and resistance, 
the phase a voltage being 


(re + pls)tg — pms (ty + 7) (8) 
then 

w(p) =fs+ lsp 

u(p) = —mMp 

y(~) = 1 

Therefore, 

Qo = fs, a, = (1 — m), ad, = 0, 

6 = fs é: = (1 + 2m), @& = 0, 

bo = Ak by = 0, a 


and by equations 5, 


D + ria + pl — m)ia — (p0)(l — m)i, 
OR rstqg + pl — my)ig + (p0)(l — m)ia: 
N + rst + pl + 2m)io 


(9) 


tou ul 
Sac 


It is evident that these equations may be reduced at 
once to the elementary form 


= eg — pha’ + 7'tq + Wq' (0) 
QO! = eg — Pd’ + 1'tq — Wa’ (p80) 


0 
0 (10) 
Ce pyo’ + r'to 0 


where the primed quantities are of the same nature as the 
unprimed quantities, and 


(iF iP. 

va’ = va — (lL — m)ig 

¥q¢ = — Ul — mtg (11) 
Wo’ = Wo = (1 _ 2m)to 


2. Suppose the external circuit consists of an induct- 
ance coil (having also resistance) in parallel with a capaci- 


tor in each phase. Then 
w(p) x 1 = Nef + XeXip (12) 
y(P) 1 rT bP xe + nip + wip? 
4 i aT 2 Xe 
and 
WP) 6 
yp) 
Therefore 
ao = Xf, ay = XX, a2, = V0, 
€o = Xf) €) ‘= XX, eo =10) 
bo = Xe by = fj, yy = XL, bs a!) 


and by equations 5 


X—D + Xetita + p(riD + xeXita) — (p0) (nO + VeXylq) a5 
[p? — (p0)?]xD — [2(p0)p + (670) Jui = 0 

xeQ + Le thg AF p(n.0 ar Lexile) ar (p60) (7D + xexita) + 
[p? — (p0)*)x.0 + [2(p0)p + (p78) ]xxD = 0 

(xe + ib + xp?) N + (xeri + xexip)to = 0 


(13) 


These equations may be used to determine the transient 
performance of, e.g., a synchronous machine supplying an 
open-circuited transformer and shunt capacitor. In many . 


2 


cases it will be possible to neglect the transformer resist- 
ance, thus effecting a considerable simplification. 

3. Let the external inductance be zero in the previous 
case. Then 


XD + Xetita + prD — (pa)n0 = 


x¢Q + xerrig + ONO + (P0)rD 
(x%¢ + rip).N + xrito = 


ll 


0 

0 (14) 
0 

These equations, when put in the form 


(p+) D+ naa — oa = 0 


ll 


(> +) 0 + see + oop 0 (15) 


ll 
o 


(o +2) 0+ xe 
r) 


are seen to be of exactly the same form as Crary’s* equa- 
tions but with p replaced by (p+ -x,/r,) wherever it operates 
on the elementary functions D, Q, N. Putting the resis- 
tor in shunt with the capacitor thus does not complicate 
the problem but only introduces the ratio x,/r, where 
r,/x, may be interpreted as the time constant of the re- 
sistor-capacitor circuit considered by itself. 


Appendix | 


1. We first derive Park’s equations in their original form from 
the phase equations. 
We have 


€a — bla + ta = 0 (16) 


with 2 similar equations for phases 6 and c. There are also the 9 
transformation equations (equations 14, 15, 16 of reference 2). 


a= ta Cos 0) 12, sin 0-45, etc. 


(17) 
Substitute 17 in 16 and obtain 


€q Cos 0 — é, sin 6 + @ — 
P(va cos 6 — Yq sin 6 + Yo) + r(ig cos 6 — tg sin 0 + i) = 0 


Perform the indicated differentiations and segregate the coefficients 
of the trigonometric functions. 


lea — Pla + ra + ¥q(P0)] cos 6 — 
[eg — pig ar 1bg Se Val pe) | sin 0 + 
leo — pho + 70] = O (18) 
By combining equation 18 with the 2 similar equations for phases 
b and c it may be shown that the coefficients of 18 must be sepa- 
rately equal to zero. Then, 


ea — bva + ria + We(pe) = 0 
€q — bg + tg — valp0) = 0 (19) 
€o — Po + 10 = (0 


which are the familiar stationary axis equations. 

2. Now suppose there is connected to the terminals of the ma- 
chine a balanced impedance network containing inductances, re- 
sistances, and capacitances connected in any manner. The net- 
work may be represented by the operational expression w(p)/y(p) 


where w(p), y(~) are polynomials in p as shown in equations 4. 
Equations 16 are now replaced by 


; w 
€a — Pa + ta + ¥(p) = (20) 
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If the impedance network has, in addition, mutual effects which 
cannot be eliminated by the use of an equivalent circuit there is 
also a mutual impedance v(p)/y(p) where o(p) is a polynomial as 
shown in equation 4. Since the circuit is balanced all the mutual 
coefficients are the same. The phase a voltage equation now 
becomes 


wp). , 2) 


ae J wee =~ (Geeciate) =U (21) 
ea — b¥a + ta + »(2) i sti) (ty + tc) 
By the substitution 
iy + te = Bin — ta (22) 
we obtain after clearing of fractions, 
y(b) (ea — P¥a + ria) + [w(p) — v(b) ha + 30(P)t0 = 0 (23) 


The result of the previous section for the special case of no external 
impedance can still be used now, i.e., expression 18 can be substi- 
tuted directly for (eg — pq + iq) in 23. Then 


y(p) {lea — Pea + ria + Wq(P9)] cos 6 — [eg — Pg + Tig is va(po) 1X 
sin 6 + [eo — pwo t+ riol} + [w(p) — v(b) (tacos 8 — zg sin 6 + 


io) + 80(p)to = (24) 
By equations 1 
y(p)(D cos @ — O sin @ + N) + [w(p) — o(p)] X (25) 
(igcos 8 — igsin @ + %) + 30(p)to = O 
and by (4) 
(bo + bhip + hop? +...)(Dcos6 —Qsing + N) + 
(ao + aip + arp? + ...)(ig cos 0 —igsin@ +%) + 
30(p)to = O (26) 


As before, perform the differentiations required to segregate the 
trigonometric coefficients. 


bo(D cos 6 — sin 6 + N) + di [(pD) cos @—D sin 6(p6) —(pQ) sin 6 — 
Qcos 0(p@) + pN] +... + do(igcos 6 ~ igsin 6 + io) + 
a;[(pig) cos @ — ig sin 6(p8) — (pig) sin 6 — i, cos 6(p0) + pio] + 
.. + 3u(p)io = 0 (27) 


Again utilizing the result of the previous section, the coefficients 
of cos 0, sin 0,and the constant term are equated separately to zero. 
The result is the set of equations 5. These equations have been 
given explicitly for polynomials of up to the fourth degree in p, but 
further terms may be formed as indicated in equation 27. It is 
probable, however, that the mathematical complexity encountered 
will preclude the solution of the equations for polynomials of any 
higher degree and perhaps even for the fourth degree. It is there- 
fore believed that the equations given are as complete as will be 
necessary for any practical case. 


Appendix II 


Nomenclature 


The notation is in general the same as that of Park!23 and Crary.* 
e = armature voltage 
4 = armature current 
y = armature flux linkage 
d, q, 0 = subscripts denoting direct-axis, quadrature-axis, and zero- 
sequence quantities, respectively 
p = d/dt 
r = armature phase resistance 
0 = rotor angular displacement 
a, b,c = subscripts denoting the 3 armature phases 
Ke = capacitive reactance 
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(e+R-i-pv+Z-i=0 


Appendix III 


j In the last few years considerable interest has been shown in the 
application of tensor analysis to electrical engineering problems.® 
A derivation of the general equations of this paper in tensor sym- 
bolism is therefore appended below. It is believed that this form 


of derivation has the great virtue that, to one familiar with the 


notation, the principal and necessary steps of the derivation stand 


out clearly. That is, the main line of reasoning is not obscured 


by lengthy algebraic manipulations. 
The voltage equations 21 in terms of phase quantities may be 


written as: 


(28) 


where Zz is the impedance tensor of the outside network having 
components specified by equation 3. 
Now if voltage ana current are expressed along the d, g, 0 axes 


by transforming e, i, y by Park’s transformation C, where C is the 


_tensor whose components are the coefficients of equations 14, 15, 


> 


Cre’ +R-C:i' —pC-y'4+Z-C-i’ =0 


or 16 of reference 2, equation 28 becomes: 
(29) 


where the primed quantities are measured along the d, g, 0 axes. 
By multiplying the first 3 terms of 29 by C - C—, where C7! is 
the inverse of C, equation 29 becomes: 


C-P+Z-C-i’ =0 (30) 
where 
P=e'+R-i'—pv'—J-y'pe (30a) 


P is seen to be the expression which in Park’s analysis is equal to 


zero. The tensor J is 
0 = 
er | -1]| 0 
J=C-1-—=/] 1 | 0o| 0 (31) 
dé 
a ae Pr 
The external impedance Z may be expressed as 
1 
f= A (32) 


~ y(P) 


where A is the tensor whose elements are ay, = u(p), aij = v(p) 


4 ~#j. Then 30 becomes 

y(p)C-P+A-C-i’ =0 (33) 
But this may be expressed as 
@othpt+...C-P+(AtApt...):-C:i’ =0 (34) 
where 

A.= A, = etc. (35) 


If in equation 34 the indicated differentiations are performed, the 
result is 


dC 
wo-p+ | Poo + o-eP |... 


Hiei Bee Fenn (36) 
d@ 

It remains only to multiply the whole equation 36 by the inverse 

transformation tensor C~! to obtain the set of equations 5. The 

elements of C~! are the coefficients of the set of equations 3, 6, or 7 

of reference 2. That this multiplication eliminates the C’s is evident 


since: 
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(37) 
(38) 
(39) 
The final equation is thus: 
boP + bil: Ppd + pP] +... + Ao’+ i’ + 
A,":i/p0 + Aj’: pi’ +... =0 (40) 
where 
Gee 0 
Ay = C+-Ayp°-C = 0) | ao | 0 


A,” = 
Ce penta eae 
Aten. A,-C. =) 041 ay oO 
pe WAGs TO? 


It will be noted that here the same transformation C has been 
applied to both e and i, rather than applying the transformation 
C,-! to e. The latter transformation has the property of main- 
taining the power e - i as an invariant, while in the former the only 
requirement has been that the trigonometric functions be eliminated 
from the differential equation e = Z-i, without regard to the 
formula for power. A transformation tensor can, of course, easily 
be found which will resemble as nearly as possible Park’s trans- 
formation yet which has the further property of invariance of power. 
This transformation tensor is: 


5 cos 6; | —sin 6; | V/s 
C= \2 cos 6) | —sin 62 | ~/*/s (41) 
3 | cos 6; | —sin 6; | +/1/2 


where 6. = 0, — 120°, 63 = 6; + 120°. It will be found that now 
C,;-1 = C, so that it is immaterial which is used in the derivation 
of the equations. 
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Resistance Characteristics of Tellurium and 
Silver-Tellurium Alloys 


By H. T. FAUS 


MEMBER AIEE 


Synopsis 


The problem of correcting temperature errors in elec- 
trical instruments with copper windings is explained and 
the high electrical efficiency obtainable by correcting these 
errors with series resistors having negative temperature 
coefficients of resistance is noted. A method is described 
for making such resistors of tellurium and of silver- 
tellurium alloy. Tests at various loads are described as 
a result of which the suitability of these resistors for 
various applications is determined. 


General 


must usually be made of copper or aluminum wire to 

obtain high conductivity. Where, as in a millivolt- 
meter, the resistance of the winding has an effect on the 
accuracy of the instrument, the high temperature coeffi- 
cient of resistance of the winding causes the instrument to 
have a correspondingly high temperature error. 

A simple method commonly used for correcting this 
error is to connect a resistor of some material of low tem- 
perature coefficient, such as manganin, in series with the 
winding. The chief disadvantage of this method is that 
it increases the full-scale millivolts of the instrument in 
nearly an inverse ratio to the decrease in the temperature 
error, a total increase of 19 times! in the full-scale milli- 
volts being required for complete compensation. 

Another method which is more efficient and also more 
complicated makes use of a network of manganin and 
copper, iron, or nickel resistors. Brooks! has shown that 
by this method it is possible to compensate accurately the 
temperature error of a millivoltmeter by increasing the 
full-scale millivolts to nearly 5 times the millivolts of 
the uncompensated instrument. 

Compensation by means of a series resistor having a 
negative temperature coefficient of resistance is an efficient 
method which has been used in instruments for many 
years. To the writer’s knowledge, the only materials of 
negative temperature coefficient which have previously 
been known to have the required linear temperature-re- 
sistance curves are carbon and certain carbides. These 
materials as used in commercial instruments have nega- 
tive temperature coefficients of resistance nearly equal 
numerically to the positive temperature coefficient of 
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resistance of copper. Complete compensation of the 
temperature error is obtained at the expense of a 100 per 
cent increase in the full-scale millivolts of the uncompen- 
sated instrument. (Temperature errors due to the magnet 
and springs are disregarded because they are much smaller 
than the error due to the resistance change and may be 
compensated by the same method.) While instruments 
compensated with these materials are more sensitive than 
are instruments compensated by the other methods, a 
further gain in sensitivity may be obtained by the use of 
materials of higher negative temperature coefficients of 
resistance. The materials which are to be described have 
temperature coefficients which are numerically about 3 
times as great as the temperature coefficient of copper. 
This makes it possible to obtain complete compensation 
at the expense of only a 33 per cent increase in the full-scale 
millivolts of the instrument. 

In a search which the writer made for information on 
materials of negative temperature coefficient of resistance, 
he noted the values given in the International Critical 
Tables? for silver-tellurium alloys slowly cooled from their 
melting temperatures. These data were quoted from a 
thesis written by Riviere at the University of Paris in 
1912. 

All available data on tellurium indicated that it was in- 
constant in resistance and that small traces of impurities 
affected its resistivity so greatly as to preclude the use of 
commercial tellurium as a resistor material.* 


Method of Fabricating and Testing Resistors 


As the result of tests it was found that the silver-tellurium 
alloys could be readily formed into rods by melting the 
constituents in a porcelain crucible, stirring the melt 
thoroughly, and drawing the molten alloy into a long glass 
tube of which one end was plunged under the surface of the 
melt and the other was attached to a rubber bulb used to 
create a partial vacuum in the tube. The rods could 
sometimes be pushed out of the tubes without breaking, 
but it was often necessary to dissolve the tubes in hydro- 
fluoric acid in order to obtain the rods. 

The method of attaching the leads was to electroplate 
the ends of the resistors with nickel, cobalt, platinum, or 
rhodium and solder them on with ordinary lead-tin solder. 
No failures of any of the resistors were observed to be 
traceable to plated joints in which any of these four metals 
were used. Most of the tests were made on resistors 
with platinum- or rhodium-plated joints. 

The temperature-resistance tests were made by con- 
necting the resistor to a Wheatstone bridge and immersing 
it in a bath of water for temperatures above 0 degrees 
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centigrade and of alcohol cooled with solid carbon dioxide 
for temperatures below zero degrees centigrade. Check 
tests with several different voltages applied to the bridge 
were frequently taken in order to detect any variation in 
resistance with current density. No changes in resistance 
were detected in this way except those attributable to self 
heating. 

Improvement in Alloy to Obtain 
_ Linear Temperature-Resistance Curve 

Tests on resistors made from an alloy of 15 per cent Ag 
with 85 per cent Te melted under illuminating gas to pre- 
vent oxidation gave temperature-resistance curves similar 
to that shown in figure 1. The method by which the re- 
sistors were heat treated will be explained later. It will 
be noted that, like those of Riviere’s alloys which were all 
melted in a nonoxidizing atmosphere, the curve shows a 
sudden departure from a linear form near —15 degrees 
centigrade and below this temperature the slope changes 
rapidly. When resistors so made were suddenly cooled to 
any temperature between —15 and —60 degrees centi- 
grade it was noted that their resistances did not at once 
assume definite values but that they slowly increased for 
an hour or more. The resistance corresponding to the 
temperature on any linear portion of the curve was at- 
tained quickly, and no subsequent variation was observed 
to occur while the temperature was held constant. 

A melt which had not been protected from oxidation 
was found to have a linear temperature-resistance curve 
from —70 to +70 degrees centigrade and no resistance 
variation occurred while the temperature was held at any 
value in this range. As a result of tests on several melts 
of each type, the nonlinear and erratic resistance variation 
was found to be characteristic of the alloy melted in il- 
luminating gas, and the linear temperature-resistance 
curve with a definite resistance for each temperature was 
found in every melt that had been melted in air. 

All melts subsequently made were stirred in the presence 
of air until the formation of a scum of undissolved oxide 
indicated that no more would dissolve. 


Development of Heat-Treating Process 


In view of recent developments in the age hardening of 
alloys it appeared that the results that Riviere obtained by 
slowly cooling the Ag-Te alloys might be due to precipita- 


Figure 1. Tem- 
perature - resist- 
ance curve of a 
15 per cent silver- 
tellurium alloy re- 
sistor melted in 
an atmosphere of 
illuminating gas 
and annealed 15 
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Figure 2. Effect of annealing time at 115 degrees centigrade 
on the temperature-resistance curve of a resistor of 15 per cent 
silver with 85 per cent tellurium. Effective length of resistor, 
°/39 inch; diameter of resistor, 0.102 inch 


tion and that they could be more effectively accomplished 
by annealing at a constant temperature than by slow 
cooling. The results of subsequent tests tend to confirm 
this assumption. 

Figure 2 shows the effect of annealing at a constant 
temperature of 115 degrees centigrade on the temperature- 
resistance curve of a 15 per cent Ag, 85 per cent Te alloy. 
In order to get the data in this form, it was necessary to 
perform the annealing in a series of steps, taking a tem- 
perature-resistance curve between each of the steps. No 
difference has been observed between resistors annealed in 
in this way and resistors which were given the same total 
hours annealing time in a single treatment. 

Groups of curves similar to those shown in figure 2 were 
taken for annealing temperatures from 105 degrees centi- 
grade to 145 degrees centigrade and the results are sum- 
marized in figures 3 and 4. Some data were taken at 95 
degrees centigrade, but at this temperature the rate of 
change was so slow that it would apparently have re- 
quired a period of weeks to effect the entire change. 

The increase in resistivity during the heat treatment, 
with a few exceptions which may be due to cracks, almost 
exactly parallels the increase in the negative temperature 
coefficient of resistance of both in 15 per cent Ag-Te alloy 
and of the purest grade of tellurium which we could readily 
obtain (Eimer and Amend CP). This tends to show that 
the same physical change is responsible for both effects. 


Effect of Direct Current 
on Polycrystalline Resistors of 15 Per Cent 
Silver-Tellurium Alloy 


In the course of tests made under various conditions on 
resistors prepared and annealed as previously described, it 
was found that when a direct current of 25 milliamperes 
was continuously passed through a resistor of approxi- 
mately 0.10 inch in diameter its resistance decreased for a 
period of from 2 to 4 weeks when it had decreased about 
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10 per cent after which time its resistance began to in- 
crease. This increase in resistance was evidently due to 
cracks which occurred spontaneously and gradually ex- 
tended until they caused a fracture of the resistor. It 
was also found that the same effect could be produced 
by immersing the resistor in either oil or water for cooling 
and passing a direct current of 0.9 ampere through it for one 
to 2 hours. 

In studying this effect it was noted that these resistors 
had a structure as shown in figure 5. The first visible 
change in the resistor previous to failure was usually a 
widening of the longitudinal crack, followed by the de- 
velopment of cracks which branched from the longitudinal 
crack, usually at right angles to it. These cracks appeared 
to develop at crystal boundaries, so it was thought that 
if the resistor were so made that the current did not pass 
through the boundaries between crystals, this effect 
might be eliminated. 


Effect of Direct Current 
on Single-Crystal Resistors of 15 Per Cent 
Silver-Tellurium Alloy 


In order to determine whether the type of failure just 
described was related to the crystal structure, tests were 
conducted as follows: Sealed glass tubes containing the 
15 per cent alloy were passed through a 480 degree-centi- 
grade furnace at a rate of °/s inch per minute. The alloy 
was molten at this temperature, and the time that it re- 
mained in the furnace after melting was not important. 
Where the tube emerged from the lower end of the furnace 
it passed into an oil bath. Rods made in this manner 
were found to have a single-crystal structure: Resistors 
made from these rods showed practically the same tempera- 
ture-resistance characteristics and responded in the same 
manner to heat treatment as did those made by the sim- : 
ple casting process. 

A number of these resistors were placed on a life test 
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TEMPERATURE COEFFICIENT—PER CENT CHANGE IN RESISTANCE 
PER DEGREE CENTIGRADE FROM 25 DEGREES CENTIGRADE 
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Figure 3. Effects of time and temperature of annealing on 
the temperature-resistance coefficient of an alloy of 15 per 
cent silver with 85 per cent tellurium 
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RESISTIVITY —MILLIONS OF OHMS PER 
GRCULAR-MIL- FOOT AT 25 DEG C 
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Figure 4. Effects of time and temperature of annealing on 
the resistivity at 25 degrees centigrade of an alloy of 15 per 
cent silver with 85 per cent tellurium 


with a direct current of 25 milliamperes flowing continu- 
ously through them. Their resistances continued to de- 
crease for a period of several weeks, the total decrease 
ranging from 8 per cent to 20 per cent and the length of 
time required to attain minimum resistance ranging from 
3 weeks to 7 months, most of the change in every case 
taking place in the first month. After attaining the mini- 
mum resistance some of the resistors tended to remain 
constant in resistance for several months and others in- 
creased slowly in resistance. After a period of 257 days all 
of a group of 4 resistors which were tested under these con- 
ditions showed a bulge at a distance of !/3 inch from the 
cathode end of the resistor. Cracks appeared in these 
bulged sections and the resistors broke spontaneously. 
Figure 6 shows photographs of a resistor in which this 
bulge has developed, together with a similar resistor which 
has not been subjected to direct current long enough for 
this type of failure to develop. 


Effect of Alternating Current 
on Single-Crystal Resistors of 15 Per Cent 
Silver-Tellurium Alloy 


Since the failures of the resistors were evidently due to 
an effect resembling electrolysis, tests were made similar 
to those just described except that 60-cycle alternating 
current was used instead of direct current. In the test at 
0.9 ampere with the resistor immersed in a cooling liquid, 
the resistance increased slowly, the total increase in resist- 
ance being 12 per cent for a period of 14 days during 
which time the current was passed continuously through 
the resistor except for the brief periods during which it was 
removed from the circuit to have its resistance measured. 
At the end of this period it was put through a temperature 
cycle from —62 degrees centigrade to +74 degrees centi- 
grade after which its resistance was only 7 per cent above 
the original value. 

Since the chemical as well as the heating effect of the 
current is involved in the effect of direct current on the 
resistors, comparisons should be made on the basis of 
average as well as on effective values of current. How- 
ever, in this case the difference in the effects of alternating 
and of direct current is so great that the comparison is 
little affected by a change in the alternating current equal 
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Figure 5. Arrangement of crystals and longitudinal crack in 
a cast resistor of 15 per cent silver-tellurium alloy 
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to the difference between the effective and the average 
| values. Comparatively stated: a direct current of 0.9 
_ ampere applied to a 15 per cent Ag-Te resistor which has 
_ been annealed 15 hours or more at 115 degrees centigrade 
caused it to decrease 40 per cent in resistance in 3 hours 
and to fracture spontaneously in 4/2 hours. An equiva- 
lent (root-mean-square) value of alternating current ap- 
plied to a similar resistor under similar conditions for 
over 300 hours caused a semipermanent increase of 12 per 
cent in its resistance and no mechanical damage. It is 
reasonable to suppose that this increase in resistance may 
have been due to heat rather than to any other effect of the 
current. 


Effect of Direct Current on 
Resistors With Various Percentages of Silver 


Annealed resistors of single-crystal tellurium of both the 
CP and the technical grades withstood direct current for 
a much longer period than did the alloy resistors. The 
tests at 0.9 ampere direct current were not continued 
longer than 10 hours, and at the end of this time the re- 
sistances had decreased only 2 per cent and there was no 
evidence of physical change in the resistors. 

Tests at 0.9 ampere direct current on resistors with 5 per 
centand 10 per cent of silver showed that the 5 per cent alloy 
resistors withstood the current longer than did the resistors 
with 10 per cent of silver. Failure of resistors containing 
10 per cent of 15 per cent silver occurred by fracture, 
while with resistors containing 5 per cent silver a separation 
of the electroplated joints occurred at the cathode ends of 
the resistors. This separation was accompanied by the 
formation of a black coating on the separated surfaces. 

For reasons to be explained later the 10 per cent alloy 
was the only one which appeared to have substantially as 
good temperature-resistance characteristics as those of the 
15 per cent alloy. Hence it was the only one to be tested 
with a small current over a long period of time. Under 
these conditions it failed in a shorter time than did the 15 


per cent alloy. 


Effect of Composition ae 
on the Temperature-Resistance Characteristics 


of Silver-Tellurium Alloys 


Preliminary tests on alloys with different percentages of 
silver and tellurium had indicated that compositions low 
in silver content gave temperature-resistance curves which 
were concave downward below —10 degrees centigrade 
while compositions which were high in silver content gave 
curves which were concave upward over the same tem- 
perature range. Since the composition which gave the 
most nearly linear curve over the range from —70 degrees 
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centigrade to +70 degrees centigrade was that containing 
15 per cent silver, most of the previously described work 
was done with an alloy of this composition. 

The temperature-resistance characteristics of composi- 
tions ranging from zero (CP tellurium) to 50 per cent were 
determined by making a series of resistors of the required 
compositions in the manner which had been found to give 
the best results with the 15 per cent alloy. This pro- 
cedure comprised melting in air, casting in glass tubes, 
progressive solidification, and annealing for 15 hours at 
115 degrees centigrade. 

The temperature-resistance curves for this range of 
compositions are shown in figures 7 and 8. In figure 8 it 
will be noted that portions of the curves are indicated by 
dotted lines. Over the temperature ranges so indicated 
the resistance is not constant at any given temperature. 
When the temperature of the resistor is lowered to a value 
on the dotted curve the resistance assumes the value so 
indicated, but when the temperature is held constant in 
this region, the resistance continues to increase at a di- 
minishing rate for a period of several hours or more. In 
one case a resistance increase of 70 per cent in 45 minutes 
was observed. In all observed instances, this increase in 
resistance was not permanent; that is, the original re- 
sistance at any point on the solid portion of the curve 
could be again obtained by bringing the temperature to 
the corresponding value. 

This behavior resembles: that of the 15 per cent alloy 
melted in a reducing atmosphere, although the alloys with 
the higher percentages of silver were melted in an oxidizing 
atmosphere, using the same procedure as that used in 
producing the 15 per cent alloy which had a linear tem- 
perature-resistance curve. 

It will be noted that the resistivity of the 15 per cent 
alloy resistor in figure 7 is lower than that of the resistor 
of the same composition in figure 4. This difference may 
be accounted for by the fact that the former is a single 
crystal, while the latter is polycrystalline in structure. 

When the single-crystal resistors were found to be su- 
perior to the polycrystalline resistors, sufficient tests were 
made to determine the fact that they responded to heat 
treatment in a manner similar to that of the polycrystalline 


Figure 6. Attop, 
a silver-tellurium 
resistor in which 
bulge has formed 
due to passage of 
directcurrent over 
a long period of 
time; at bottom, 
a similar resistor 
which has_ not 
been subjected to 
current 
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resistors, although the resistivities of the single-crystal 
resistors were the lower. The series of tests summarized 
in figures 1 to 4 inclusive were made with polycrystalline 
resistors and were not repeated with single-crystal resistors. 
Figures 7 and 8 were made with single-crystal resistors or 
at least with resistors which had been solidified progres- 
sively in a manner which had been found to produce single 
crystals. 

Referring to figure 7, the temperature-resistivity curve 
of annealed chemically pure tellurium is linear between 
—10 degrees centigrade and +70 degrees centigrade. 
Tests on commercial tellurium from 4 different sources 
showed that unannealed single-crystal resistors of these 
materials had temperature coefficients within the range 
+0.1 to —0.1 per cent per degree at 25 degrees centigrade. 
Unannealed single-crystal resistors of chemically pure 
tellurium had temperature coefficients of approximately 
—0.7 per cent per degree at 25 degrees centigrade. After 
the annealing treatment, the temperature-resistivity 
curves of the commercial and of the chemically pure tel- 
lurium resistors were practically the same. Both had 
temperature coefficients of —1.2 per cent per degree at 
25 degrees centigrade. 


Thermal Electromotive Force 


The thermal electromotive force as measured on an un- 
annealed sample of 15 per cent Ag-Te alloy was found to 
be 0.46 millivolts per degree with the hot junction at 50 
degrees centigrade and the cold junction at 25 degrees 
centigrade. This is close to the value usually given for 
tellurium.* 

The annealing treatment which had such a great effect 
on the resistivity and temperature coefficient of resistance 
of the alloy lowered the thermal electromotive force as 
measured over the above temperature range to 0.25 milli- 
volt per degree. 


Aging Tests 


The accelerated life tests which have been described 
were made sufficiently severe to destroy the resistors. 
While these tests did not represent service conditions, 
they were valuable guides in selecting the compositions 
and treatments of the resistors on which aging tests were 
made. 

The following test results indicate the constancy that 
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may be expected under the specified conditions of use: 


1. In a group of 9 single-crystal tellurium resistors of 0.1 inchys 
diameter, tested at 0.025 ampere direct current for 81 weeks, the 
maximum change was +1.2 per cent in one resistor, and the average 
change for the group was +0.15 per cent. 

2. Ina group of 3 single-crystal Ag-Te resistors of 0.1 inch diame- 
ter, tested at 0.10 ampere alternating current for 78 weeks, the 
maximum change was +2.1 per cent in one resistor, and the average 
change for the group was +1.4 per cent. 

3. Ina group of 4 single-crystal Ag-Te resistors of 0.1 inch diame- 
ter, tested at 0.001 ampere direct current for 80 weeks, the maxi- 
mum change was +2.2 per cent in one resistor, and the average 
change for the group was +1.4 per cent. 


In all of these groups most of the change took place 
during the first part of the period, indicating a tendency 
to stabilize at a higher value of resistance. It should be 
noted that in the previously described tests in which the 
Ag-Te resistors were broken by electrolytic action, a con- 
siderable decrease in resistance always preceded failure. 
The tests at one milliampere direct current indicate that 
this effect is not occurring at this low current density,. 
since the resistance is increasing. 

Aging tests on polycrystalline Ag-Te resistors of the 
type shown in figure 5 showed resistance changes several 
times as great as those in the single-crystal resistors. 


Applications 


The heat-treated tellurium resistors of single-crystal 
structure are more constant than are the similarly treated 
Ag-Te alloy resistors, their temperature coefficient is 
practically the same from —10 degrees centigrade to +70 
degrees centigrade, and they are not subject to electrolytic 
effects. Therefore, they are to be preferred to the Ag-Te 
alloy resistors for all applications in which compensation 
is not required at temperatures below —10 degrees centi- 
grade. Since the resistance of these resistors should not 
be more than 25 per cent of the resistances of the instru- 
ment circuits in which they are used, the maximum change 
of 1.2 per cent which was noted in one resistor during the 
aging test would have caused a maximum instrument error 
of 0.3 per cent. From these data it appears that this ma- 
terial may be used in instruments with rated accuracies of 
one per cent to 2 per cent, provided that other sources of 
error are kept sufficiently low. 

The 15 per cent Ag-Te alloy is suitable for long-range 
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temperature compensation, but when used with direct 
current the current density should not exceed one milli- 
ampere in a 0.1 inch diameter resistor. A suitable ap- 
plication of this kind is for compensating the resistance 
change in a thermocouple temperature indicator with 
cold-junction compensation for measuring temperatures 
in aircraft engines or for portable use in measuring tem- 
peratures of molds, bearings, and molten metals. 
An application in which the 15 per cent Ag-Te alloy has 
been tried with good results is in the compensation of 
“class 2” temperature error in watt-hour meters. This 
error is principally due to the change in phase angle of the 
flux of the potential coil due to the change in resistance of 
the potential winding with changing temperature. It has 
been entirely corrected by substituting for the usual solid 
_ copper lag plate a wound copper lag coil with a resistor 
_ of Ag-Te alloy connected across its terminals. The maxi- 
mum aging change of 2.1 per cent for this alloy as tested 
under similar conditions with alternating current would 
cause an error not greater than 0.1 per cent in the meter 
accuracy. Another method, as described by Kinnard and 
Trekell,® which has recently been developed for correcting 
this error has the advantage of a better mechanical design. 

In compensating millivoltmeters with these materials, 
it is necessary on account of the high thermal electro- 
motive force of Te and of Ag-Te to shield them from rapid 
temperature fluctuations and to mount them so as to equal- 
ize the temperatures at the ends of the resistor. 

Figure 9 illustrates 2 resistors which have been made for 
use in instruments. 


Theory 


Because the results just described were obtained with 
tellurium which was not investigated spectroscopically 
to determine its purity and which was known to contain 
dissolved oxide, they are not directly comparable with 
those of Cartwright and Haberfeld-Schwarz* who used 
tellurium of high purity melted in vacuum. They con- 
sidered the increase in resistivity which occurred during 
annealing to be due to the formation of cracks. This 
theory does not explain the increase in temperature coef- 
ficient which accompanied the increase in resistivity in 
our tests. Neither pressure up to the crushing strength 
of the material, nor a current which would have fused the 


Figure 9. At top, a silver-tellurium resistor of 200 ohms 
resistance (length 3 inches, diameter 0.059 inch); at bottom, 
a tellurium resistor of 0.06 ohm resistance 
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Table |. Summary of Electrical Characteristics of Resistor 
Materials 


» Single Crystals Annealed 15 Hours at 115 Degrees Centigrade 


Resistivity 
at 
25 Degrees Temperature 
Centigrade Coefficient 
in Megohms of Effect of 
Composition Per Resistance at Effect of 60-Cycle 
Per Cent Per Cent Circular- 25 Degrees Direct Alternating 
Ag Te Mil-Foot Centigrade Current Current 
ee ee ee ee eee 
Pee a WOO se a geivt 1 Ny a Wee chitin uly L MOLPMAl ais ren Thermal 
Grae 95, eA Leen ees eae caw Thermal and 
electrolytic ...., Thermal 
LO ers ate BO retary BO cana —13 ...... Thermal and 
electrolytic ...... Thermal 
Maalscesae BO Mustiys Bye tisha a) Hrs Hea Ao Thermal and 
electrolytic,...... Thermal 


* These data based on tests on only one sample. 


resistor had it not been cooled in liquid, decreased the 
resistance of our annealed tellurium resistors. 

The behavior of all the resistors tested by the writer 
may be explained as follows: In rapid cooling from the 
melting temperature, silver telluride and other impurities 
are held in solid solution in the tellurium, which solid 
solution has the property of metallic conduction with a 
very small temperature coefficient of resistance. Assum- 
ing that the impurities are precipitated during the heat 
treatment, the conductivity decreases due to the reduction 
in the number of free electrons. This theory is supported 
not only by the fact that the temperature-resistivity 
curves of the impure and the pure tellurium are made to 
coincide by heat treatment, but also by the fact that the 
thermal electromotive force of the Ag-Te alloy is lowered 
by the heat treatment. Cartwright and Haberfeld- 
Schwarz* have shown that the thermal electromotive 
force of pure tellurium is much lower than the value usu- 
ally given and that is increased by the additions of small 
amounts of silver and of other metals. 

The breakdown of the Ag-Te resistors produced by direct 
current may be due to electrolysis of silver telluride ac- 
companied by migration of the silver ions toward the 
cathode. Evidence has been shown to indicate that this 
effect does not take place when the voltage across the re- 
sistor is very low. 

The observations here recorded were obtained in de- 
termining the utility of tellurium and of its alloys with 
silver as special resistor materials. It is hoped that the 
data thus obtained may be of some value in the further 
determination of the nature of the conductivity of semi- 
conductors. 
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Regulation of Grid-Conrellect Rectifier 


By L. A. KILGORE 


ASSOCIATE AIEE 


Synopsis 


This paper discusses several factors which have not 
been included in the previously published regulation for- 
mulas and which should be considered in the practical ap- 
plication of rectifiers. Approximate solutions are given 
to take system reactance, and the load inductance into 
account. The effect of grid pickup characteristics on 
regulation, and means of modifying the inherent regula- 
tion characteristics by regulators or compensators are 
discussed. 


Introduction 


general characteristics of grid-control rectifiers, and 

formulas have been derived for the regulation. The 
conventional formula, equation 1, is based on the assump- 
tions that a sinusoidal voltage exists at the point where 
the rectifier is connected to the system, and that the in- 
ductance in the load circuit is sufficiently large to prevent 
the current from going to zero when the voltage drops be- 
low the counter electromotive force of the load circuit. 
These assumptions are sufficiently accurate for some cases, 
but in many practical cases other factors, such as the 
effect of system reactance and the effect of a limited 


GS creat PAPERS'*4 have been written on the 
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Figure 1. Test and calculated regulation curves of experi- 
mental grid-controlled rectifier 


Dotted lines show calculated values for 
fixed delay 


Double 3-phase connection. 
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amount of inductance in the load circuit must be con- 
sidered. 

The conventional formulas and regulation curves in- 
volve the angle of delay (a). In the practical application 
of these formulas it may not be correct to assume that the 
actual angle of delay is constant for a certain setting of the 
grid-control apparatus. The angle of delay may vary 
with the load due to a variation in the grid pickup voltage, 
and in some cases it may vary due to a shift of phase of the 
grid voltage due to system reactive drop. 

It is the purpose of this paper to consider these other 
factors and to present approximate methods of including 
them in the determination of regulation. A more exact 
solution is outlined in the appendix. The use of regulators 
and compensators for the purpose of modifying the in- 
herent regulation of grid-controlled rectifiers and ignitrons 
is also discussed, and results obtained with certain types 
are given. 


Conventional Regulation Formula 


What might be termed the conventional regulation 
formula for grid-controlled rectifiers (equation 1) has been 
derived several times;?* and the derivation will not be 
repeated. 


./2EP sin 5 
———— (1) 


T g2ar I 


This formula is exact within the limits of the assumptions 
made in deriving it. These assumptions are: (1) asinusoidal 
voltage at the terminals of the rectifier transformer, (2) a 
load inductance sufficiently high to prevent the current 
from going to zero, (3) the effect of all the transformer and 
lead resistance to be equivalent to a series resistance in the 
d-c circuit giving the same loss, and (4) only 2 anodes in 
one group firing at one time. This formula gives straight- 
line regulation curves as shown by the dotted lines of 
figure 1, providing the curve of are drop against current is 
straight. It should be noted that the curves are parallel; 
that is, a given angle of grid delay (a) drops the output 
voltage the same number of volts whether at no load or at 
full load. 

If a rectifier is supplied through a line of appreciable 
reactance directly from a large system whose voltage is 
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Figure 2. Apparent 
increase in regulation 
due to system reactance 


A normal transformer with 
about 3 per cent reactive 
drop is assumed. Full lines 
are for double 3-phase and 
dotted lines are for 19- 

phase quedruple zigzag 


not affected by the rectifier load, the line reactance can 
obviously be included in the total commutating reactance. 
In this case £ in equation 1, is the system voltage. The 
additional commutating reactance due to the line is calcu- 
lated by multiplying the ohms per phase (line to neutral) 
by the square of the ratio of primary to secondary line to 
neutral voltages. 

For the more common case where the system voltage is 
affected appreciably by the rectifier load, equation 1 can 
still be used as an approximation if the primary voltage is 
known. However, a further analysis as presented below 
is necessary to obtain an accurate method of dealing with 
this case. 


Effect of System Reactance 


In the general case of a rectifier connected to an a-c 
system there is no one source of constant sinusoidal volt- 
age. It greatly simplifies the problem if an equivalent 
sinusoidal source voltage can be found which may be 
considered as unaffected by rectifier currents. The prin- 
ciple of superposition, which has proved such a useful tool 
in other system problems, may be applied to determine a 
voltage which can be considered as acting through the 
combined impedance of the system and the rectifier trans- 
former. 

Since the back current of a power rectifier is negligible, 
the effect is equivalent to opening each anode circuit when- 
ever the current tends to reverse. A method of applying 
superposition to obtain as complete a solution as desired 
is outlined in the appendix. For practical purposes, the 
capacity and resistance of the a-c circuit and any effect of 
harmonics produced by other rectifiers, will be neglected. 

As shown in the appendix, the voltages acting in the 
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secondary to produce the anode currents are the voltages 
which would exist with no rectifier currents flowing. This 
voltage acts through the reactance of the transformer and 
the reactance of the system measured from the point of 
connection. This voltage may be treated as an equiva- 
lent sinusoidal source voltage and the system reactance 
may be added to the commutating reactance of the trans- 
former as described for the line reactance in the simpler 
case mentioned previously. 

In general the voltage E at the primary of the rectifier 
transformer is known or can be calculated. The system 
reactance X, can be measured or estimated. As shown in 
appendix B, the system reactance to be used is the same as 
that used for calculating single-phase short-circuit current; 
that is, the average of the negative-sequence and positive- 
sequence subtransient reactances: X, =(X_ + X,")/2. 

The fundamental frequency voltage F, at the primary 
terminals may be taken equal to the root-mean-square 
value for practical purposes. If the fundamental-fre- 
quency system reactive drop be added vectorially to the 
terminal voltage the equivalent sine-wave source voltage 
E” is obtained. Using E” instead of E and (X, + X,) in 
place of X,, in equation 1, gives the general equation; 


/2 E"P sin 5 
iodabal artic VIG we 


fq = S cos @ a 7 A (2) 
where 
EY = V(E +X, sin 0;)? + 12X,2 008? 0; (3) 
With good approximation, 

IvV/2 
a sin 5 (4) 


The fundamental-frequency power factor is approxi- 
mately: 
transformer reactive drop 


cos 6; = cos a — (5) 
voltage at no load no delay 


This may be demonstrated as follows. All the power is 
supplied by the fundamental since the source voltage is 
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Figure 3. Light-load voltage regulation curves 


Experimental grid-controlled rectifier, double 3-phase connection 
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assumed sinusoidal. This power factor can then be writ- 
ten as power divided by fundamental-frequency volt- 
amperes: 


Eal 
Elpg 


cos 6; = 


and neglecting arc drop and resistance losses, this reduces 
to equation 5. 

The fundamental reactive drop adds to E the amount 
nearly equal to 1X, sin@,. If the average of the power 
factor angles at the source and at the terminals be used the 
accuracy of this approximation is improved. The effect of 
the system reactance is to add to the source voltage and to 
the reactive drop. The net correction expressed as an 
addition to the regulation (to be subtracted from the right- 
hand side of equation 1) is: 


(24%) 
rh 


1 {cosa — (6) 
| 24/2¢E sin ‘ 


cos a sin cos~ 


Curves of AE,/E,, for different values of [X,/g V2 E are 
given in figure 2, for a rectifier with about 3 per cent regu- 
lation in the transformer. It will be seen that the correction 
can be either positive or not depending on the type of con- 
nection and the angle of delay. It should be noted that the 
angle of delay (a) is measured relative to the source volt- 
age, and that the angle of overlap (uw) as measured on an 
oscillogram will be determined by the total reactance 
(X, + X,) thus: 

cos (u + a) = cos a Bee wer ee Ue (7) 

gv/2 E" sin 


To illustrate the importance of the correction for system 
reactance, consider a rectifier where the primary voltage is 
held constant as it might be in a regulation test. If the 
system reactance is 10 per cent based on the rectifier 
kilovolt-amperes and the transformer reactive drop is 3 
per cent, the ratio of X, to X, is 1.74 for a double 3-phase 
connection and the measured regulation may be 2.3 per 
cent less with zero delay than the value which would be 
obtained if a sine-wave voltage were impressed. That is, 
the regulation might measure 2.7 instead of 5 per cent. 
As another example take a 12-phase quadruple zigzag con- 
nection with the same per cent line reactance and trans- 
former reactive drop. In this case the ratio of X, to X, 
is 0.87 and the regulation will be increased only 0.3 per 
cent at no delay; but at 20 per cent reduction in voltage by 
grid delay the measured regulation will be decreased 4 per 
cent, that is; it may measure one per cent instead of 5 per 
cent. 


Light Load Voltage Rise 


The rise in voltage at very light loads on a double 3- 
phase rectifier is a well-known phenomenon. This has 
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Figure 4. Current and voltage waves when operating at light 
load with counter electromotive force 


Curve A—Voltage of one group of double 3-phase winding 
Curve B—Voltage of other group 

Curve C—Net voltage output 

Curve D—Current in first group 

Curve E—Total current output 


been explained by saying that below some transition value 
of load, at which the load current just equals the inter- 
phase transformer excitation current, the rectifier is oper- 
ating 6 phase; and that the commutating current flows be- 
tween anodes of alternate groups through the windings of 
the interphase transformer. This is an accurate explana- 
tion for the case of straight resistance load or for the 
theoretical case of infinite inductance in the load circuit. 

However, for the case of load with a counter electro- 
motive force and with normal inductance a different 
phenomenon appears which radically alters the light-load 
regulation characteristics, especially when operating with 
appreciable grid delay. Whenever the output voltage of 
the rectifier dips below the counter electromotive force 
the total load current tends to go to zero but is restricted 
in this action by the inductance of the circuit. Above a 
certain critical load the current is prevented from reaching 
zero. This phenomenon occurs for all type of rectifiers 
both with and without interphase transformers. 

When interphase transformers are used the action is 
more complicated. Interphase transformers are designed 
to have a high inductance (L,) between the 2 transformer 
neutrals so as to prevent one group from dropping the 
current ahead of the other except at light loads. However, 
it is the leakage inductance (£,) between the 2 halves of the 
winding which opposes the rise and fall of total current so 
long as both groups are conducting. This leakage in- 
ductance, measured with the windings in parallel, the 
magnetomotive forces being opposed, is very much smaller 
than L; This is true because the windings are normally 
made with close coupling. 

As long as both groups are firing, it is the total induct- 
ance (£) of the load circuit, including L, and the paralleled 
inductance of the phase circuits of the anodes which are 


conducting at the same time, which damps out the pulsa- 
tions of load current. 
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As discussed in the appendix, a complete solution would 
nvolve consideration of the effective resistance and re- 
ctance of fundamental frequency as well as the impedance 
o suddenly applied voltages. The resistance in the load 
ircuit causes a voltage drop both on the rising and drop- 
ing parts of current cycle and thus has relatively little 
effect on the total swing of the current unless the total 
ine drop is 10 per cent or more at the load considered. 
For most practical purposes the following equation 
etermines the amplitude of total current pulsation: 


1 
in = ij (ee — B,)dt (8) 


At a critical value of load this pulsation of current (i,) 
eaches a value equal to the average current, and the total 
‘current tends to go out between each pulse. 

Consider the voltage waves for a double 3-phase circuit 
at light load and some delay, as shown in figure 4, for the 
interval of 1/s of a cycle. The total current will rise and 
fall during this period, but since there is a slight difference 
in the currents of the 2 groups due to difference in voltage 
acting through the high inductance, L;, only the current in 
one group goes out, and the current in the group having the 
last anode to pickup is maintained but at some very low 
value. One group at a time will be out for a period A and 
the current wave of each group will be as shown by curve D 
of figure 4. The total current shown by curve £ will not 
go completely out but will be very low for the period A. 
The output voltage at the neutral point of the interphase 
rises to the counter electromotive force value (£,), as- 
suming the inductance of half the interphase to be large 
compared with that of the load circuit. Equations could 
be written for the critical load value in terms of inductance 
and the angle of delay, but for practical purposes a graphi- 
cal solution is satisfactory. Plotting the output voltage 
for an assumed value of a and Aas shown in figure 4, the 
current can be solved by taking the area of one half cycle 
of the voltage ripple in volt seconds divided by the in- 
ductance £ as indicated by equation 8. Also from this 
curve the average voltage may be determined graphically. 

The results of this method are given in figure 5 plotted as 
therisein voltage (AE,) versus ([2w/+/2E). Curvesobtained 
in a laboratory test with counter electromotive force are 
shown in figure 3. This rise in voltage at light loads with 
appreciable angles of delay is much more pronounced than 


Figure 5. Rise in 
voltage at light 
load as a function 
of d-c circuit in- 


0 OOaieeeotneesaih °°°..-ductanceandload 
Yee current 


SEPTEMBER 1937 


Kilgore, Cox—Grid-Controlled Rectifier 


the usual light-load voltage rise at no delay. However, in 
practice this is not generally a serious matter since danger 
due to overvoltage exists in the great majority of cases 
only when the normal voltage at no delay is exceeded. 
If exactly straight-line regulation curves are desired at 
very light loads and appreciable angles of delay it may be 
necessary to use more than normal load inductance. An 
iron-core reactor may be used in series with the d-c bus to 
provide a high inductance at low values of current. 


Effect of Grid Characteristics 


The regulation formula and conventional regulation 
curves are based on the actual angle of delay. However, 
the angle of delay for a given phase shifter or bias setting 
may vary appreciably with load. . This may be due to 
variation of the pickup voltage or an actual shift of the 
grid voltage with respect to the source voltage. 

The pickup voltage will vary with the degree of ioniza- 
tion and the vapor pressure in the tank. At light loads a 
slight positive voltage relative to the cathode may be .re- 
quired to make the grids pickup, and at higher loads an 
appreciable negative voltage may be required to prevent 
them from picking up. 

A simplified explanation of the action of the grids is as 
follows: A positive ion space charge sheath is formed 
around the grids when they are negative with respect to 
the ionized gas preventing the ionization from reaching 
the anode. The thickness of this layer® varies roughly as 
the °/, power of voltage and inversely as the 4/2 power of 
the ionization. When the thickness of the space charge 
sheath just fails to close the holes in the control-grid 
structure, positive voltage on the anode accelerates the 
electrons sufficiently to increase the ionization and further 
reduce the space charge thickness and cause complete 
pickup. 

It is difficult to test for the pickup voltage of the grid 
under actual operation but a method of testing the grid 
characteristics statically was developed. An arrangement 
was made whereby the load could suddenly be removed 
from one anode and definite continuous voltages applied 
to that anode and control grid. Curves of grid voltage at 
which the anode picked up for different values of total load 
were plotted as shown in figure 6. These characteristics 
were found to vary some with anode voltage and the 
temperature of the cooling water. Obviously conditions 
were not identical with those under actual operating con- 
ditions. However, it was found that these static curves 
could be used to predict approximately the deviation of the 
test regulation curves from a straight line under overload 
conditions as shown in figure 1. 

In order to explore a range of grid characteristics an 
experimental rectifier was built with grids having large 
holes so that the variation in pickup voltage caused a 
noticeable effect on the regulation curves even at rated 
load when using a sine-wave grid voltage. Without ap- 
preciably increasing the arc drop, it was possible to build 
a grid structure with sufficiently limited variation in pickup 
voltage so that it had no appreciable effect on regulation 
out to at least 200 per cent load. The test curves of 
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figure 1 show a flattening out of the regulation curves at 
about 250 per cent load at large angles of delay. However, 
grids sufficiently tight to give straight line regulation 
curves at very high overloads result in excessive are drop. 

When paralleled with other apparatus having a straight 
or drooping characteristic on high overloads, this effect 
will add to the tendency for the rectifier to take more than 
its share of the overload. However, so long as the de- 
parture from straight line regulation occurs at well over 
150 per cent load, the rectifier will return to normal after 
the load is decreased, and no damage is done since the 
rectifier is suited to short time overloads. 

By the use of steep-wave-front impulses on the grids 
it is possible to obtain straight-line regulation even with 
comparatively loose grid structures, since in this case a 
variation in the pickup voltage has little influence on the 
time of pickup. 

The voltage contro] characteristics of an ignitron recti- 
fier are similar to those of a multianode rectifier except that 
the pickup of the auxiliary tubes is not affected by the 
load current. Tests on a 6-phase ignitron rectifier, both as 
grid-controlled rectifier and as an inverter, show straight 
line regulation curves at all angles of delay and advance out 
to very high overloads. 

Where the system reactance is comparable with the 
transformer reactance an increase in delay with load, due 
to a shift of the fundamental voltage at the point where 
the grid transformers are attached to the system, might 
be expected. For the sine wave grid transformer with 
only resistance in the grid circuits, tests show the effect on 
regulation to be negligible, even though the fundamental 
voltage shifts several degrees. This may be explained 
by the fact that the voltage applied to each grid through a 
resistance has almost identically the wave shape of the 
primary voltage. That is, it will have a wave proportional 
to the source voltage with nicks cut into it due to com- 
mutating currents, rather than a sine wave shifted in 
phase. Since the nicks in the voltage wave occur only 
during commutation they do not affect the voltage just 
before pickup provided only 2 anodes are commutating at 
one time, as is normally true. 


Regulators and Compensators 


It is possible to regulate the output voltage of a grid- 
controlled rectifier, or ignitron, with the same types of cur- 
rent or voltage regulators that are used for rotating ma- 
chines. The regulator may act to change the angle of delay, 


ae 
RER CENT FULL LOAD CURRENT 


200 300 


Figure 6. Curve showing variation of grid pickup voltage 
with load current. Experimental rectifier 
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either by shifting the phase of the grid voltage or by vary- — 
ing the bias voltage applied to the neutral of a sine-wave 
grid transformer, which causes pickup to take place ata 
different point on the wave. The regulator may be made 
to give any desired regulation curve by using current 
compensation, and by cross current compensation units — 
may be made to divide load under varying conditions. In 
some installations regulators have been applied so as to 
come into play only at high load for the purpose of limiting” 
the overload. In electrochemical service current regulators 
have been used to control the output at any voltage. 

In considering voltage regulation by grid control, either 
automatic or otherwise, it is essential to keep in mind its 
chief limitations. The transformer must provide the 
maximum voltage desired and any reduction in voltage is 
accomplished, first, at the expense of an almost proportional 
reduction in power factor and, second, an increase in d-c 
harmonies. For these reasons it may in some cases be 
more desirable to regulate the output voltage over the 
normal range by an induction regulator in the primary or 
by tap changing under load. A combination of tap chang- 
ing and grid control can be made to give continuous control 
and good power factor. 

Inherent compensation or compounding can be used on 
a grid controlled rectifier or ignitron with results similar 
to compounding in a d-c generator. The action of such a 
compensator can be made practically instantaneous, thus 
eliminating the tendency to hunt or overshoot. 

There are several methods of obtaining this compounding 
effect. One method is to use small series transformers, 
in the primary of the supply transformer, with a rectifier 
connected to the neutral of a sine-wave grid transformer. 
When adjusted for some grid delay at no load, the load 
current will cause an increase in positive bias which ad- 
vances the phase and tends to raise the output voltage. 
This may be adjusted to compensate for the regulation of 
the transformer and line reactance or it may be made ta 
more than compensate for the natural regulation, thus giv- 
ing an overcompound regulation characteristic. 

Another method of obtaining some compounding effect, 
and at the same time reducing the variation in continuous 
voltage due to variations in the a-c supply, is to connect the 
neutral of the grid transformer to the negative bus through 
a source of fixed positive bias. This gives a net bias on the 
grids which is proportional to the difference between the 
output voltage and the constant positive bias. An in- 
crease in output voltage will cause an increase in net 
negative bias and so increases the angle of delay and re- 
duces the voltage. The sensitivity of this scheme will be 
limited by the lowest grid impulse voltage which may be 
used and still obtain accurate pickup of the anodes so as to 
insure balanced currents. 

A combination of the 2 schemes of inherent regulation 
mentioned above may be used to give almost any regula- 
tion characteristic desired. Results similar to those dis- 
cussed here were described in a recent paper by Goodhue 
and Power.' The method used by them differed in that 
they employed no grid transformer, but relied on the tube 
characteristics and the ripple of the output voltage to 
time the pickup of the anodes. 
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The regulation curves for an ignitron rectifier with cur- 
rent and voltage compensation are shown in figure 7. In 
this case as shown by the curves, the regulation is reduced 
from 17 per cent to 3.5 per cent and the variations in out- 
put voltage with the high line are reduced except at higher 
loads. The desirability of such characteristics for certain 
applications is obvious. 


Conclusions 


The following conclusions may be drawn from the work 
presented in this paper: 


1. Accurate determination of the regulation of a rectifier connected 
to system, whose voltage is affected by the rectifier current, requires 
a modification of the conventional regulation formula as given in 
_ equation 2. The effect of the system reactance may also be taken 
: into account by adding a correction term given by equation 6 and 
_ by the curves of figure 2. 


2. With a normal amount of load inductance the conventional 
_ formula (equation 1) is not accurate at light loads where there is a 
_ counter electromotive force. This effect is much more pronounced 
_ with appreciable grid delay than at no delay. A graphical method 
of evaluating this effect is given and the results plotted in figure 5 as 
a correction term which is a function of delay and load circuit in- 
ductance. A comparison with test is given in figure 3. This is 
generally not important but may be corrected by adding inductance. 


3. There is a tendency for the regulation curves of a rectifier, 
operating with a fixed phase-shifter or grid-bias setting, to curve 
up at overloads. This effect is due to the fact that with high 
ionization in the tank the grids pick up at a more negative voltage. 
The results of this effect on the regulation curves of the rectifier are 
shown in figure 1. This effect may be minimized by applying 
steep-wave-front impulses to the grids, or making a grid structure 
whose pickup voltage is only slightly affected by the amount of 
ionization in the tank. 


4. Current and voltage regulators of the same general type as used 
for controlling the fields of rotating machines may be used to control 
the output voltage of grid-controlled rectifiers and ignitrons. It is 
also possible to use current and voltage compensation inherently to 
modify the regulation characteristics giving results similar to com- 
pounding on a d-c machine. 


List of Symbols 


A = arc drop 

€a = instantaneous output voltage 

E = root-mean-square voltage anode to neutral, at no load 

E” = fundamental-frequency voltage back of system reactance 

E, = counter electromotive force 

Eq = average output voltage 

Eq = theoretical no-load output voltage 

i = fundamental frequency 

4 = number of groups 

I = average total current output 

Tq, = fundamental of secondary current 

Wey = total interphase inductance, from one transformer group to 
the other 

L£ = total output circuit inductance 

£; = interphase leakage inductance, measured with windings in 
parallel, magnetomotive forces opposed 

P = number of phases per group 

P’ = total number of phases for the rectifier 

u = angle of overlap 

Wr, = copper loss of main and interphase transformers 
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Figure 7. Recti- 
fier regulation 
curves, showing 
the effect of com- 
pounding to cor- 
rect for a high 
reactive drop and 
variations in high 
line voltage 
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Curves A, B, and C are for 104, 100, and 96 per cent high line voltage 


X, = effective value of generator reactance to be used in rectifier 
calculations 

Xq" = direct-axis subtransient reactance 

X," = quadrature-axis subtransient reactance 

X, = system commutating reactance converted to secondary ohms 
per phase 

Xp = transformer commutating reactance in ohms per phase in 
secondary 

Xy = negative-phase-sequence reactance 

a = angle of retard or delay 

AE;, = increase in voltage due to lack of inductance in load circuit 

AE, = increase in voltage regulation due to system reactance 

A; = power factor angle of fundamental-frequency power 


Appendix A. Outline of 
a General Method of Analysis 


The discussion of the paper has been confined to practical solutions 
which involved numerous assumptions and approximations. It is 
interesting therefore, to consider what might be done in the way of a 
more general solution taking into account many more factors. 
Although the mathematical formulas are not given, such a general 
method of analysis is outlined here in order to give a physical picture 
of what is involved and to aid in judging the simplifying assump- 
tions made in the practical formulas. 

The principle of superposition has been previously used® in the 
calculation of commutating currents. This principle can be ex- 
tended to the solution of the currents and voltages in the complete 
rectifier system including both a-c and d-c circuits by solving a series 
of transient states. The a-c system impedance including capacity 
and resistance as well as reactance, may be accurately dealt with. 
Also the counter electromotive force, the inductance of the d-c 
system, and the shunt capacity of any filter circuits may be included 
in the analysis. 

The only limitations of this method of analysis, other than the 
general limitation that the circuit constants must remain fixed are: 
(1) that the currents drawn by the rectifier being analyzed must 
have negligible effect on any other sources of harmonics such as 
those from another rectifier and, (2) that the are drop is constant 
for a given value of average current. Where several similar recti- 
fiers are connected to the same source and are similarly loaded they 
may be analyzed as if they were a single rectifier. 

For this exact analysis the voltage on each anode at no load, and 
the actual angle of delay must be known. The picking up and the 
extinction of the arcs in the rectifier may be thought of as switching 
operations. In the analysis for any given condition the are drop 
may be considered as a voltage source in series with each anode. 

The ripple on the output voltage wave has a period equal to 1/Pi 
times the period of the fundamental frequency. This period may 
be further broken down into several time intervals, one for each 
different combination of anodes firing. The principle of super- 
position can be used in solving the transient within each interval. 
In general a transient resulting from a change in the circuit may be 
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solved by assuming an imaginary voltage equal and opposite to the 
applied no-load voltage so that the circuit may be left closed with no 
current flowing. A second imaginary voltage is then applied to 
cancel the first and to give the transient current. 

When 2 anodes are firing they are in effect connected together. 
Using the above method the average of their no-load voltages op- 
posed by the counter electromotive force for the load may be thought 
of as acting through the paralleled impedances of the transformer 
windings and their associated primary and system impedances, and 
through the load impedance. 

An accurate analysis would require that equivalent circuits be 
constructed for the system as viewed from the rectifier terminals. 
It may also be necessary to set up an equivalent circuit for the load 
if there are several branches. If there are several sources of counter 
electromotive force an equivalent value may be obtained. 

If the no-load voltages consist of several appreciable harmonics, 
as well as a suddenly applied fundamental, the equivalent circuit 
must be solved for each. If the harmonics are negligible the solu- 
tion can be greatly simplified. 

In order to determine the length of time an anode fires it is neces- 
sary to determine when the resultant current goes to zero. When 
the current reaches zero there is no reverse current (except in case 
of an arcback), hence the circuit is in effect switched open. The 
total current in an anode circuit is the resultant of the load com- 
ponent calculated as described above and a commutation current 
which is circulating due to the difference in voltages of any anodes 
that are firing at the same time. This commutating current can be 
‘solved by the same general methods outlined above, in which case 
the load circuit is not involved. The interphase transformer may 
be involved if the commutating current between 2 groups is con- 
sidered, as in calculating the light-load voltage rise. 

From this outline it is apparent that we can resolve the calculation 
of all voltages and currents involved into the solving of a series of 
transient states. Because it is necessary to determine the time 
intervals from the solutions for the total current in an anode, the 
mathematical determination of the boundary conditions may be 
difficult. 


Appendix B. Generator Reactance 
to Be Used in Rectifier Calculations 


If a rectifier is fed from a single generator the generator adds to 
the commutating reactance increasing the angle of overlap and 
affecting the output voltage. The generator reactance drop to 
fundamental-frequency current may be added to the fundamental 
of the terminal voltage to get the internal sine-wave voltage. Using 
this internal voltage and the total commutating reactance the regu- 
lation can be calculated by the conventional formulas as indicated 
in the first part of the paper. 

A question arises as to what generator reactance should be used. 
Since commutation is equivalent to a momentary short circuit the 
same reactance is effective as for the first fraction of a cycle of a 
single-phase short circuit. This reactance may vary between the 
direct-axis subtransient reactance (Xq”) and the quadrature-axis 
subtransient reactance (X,”) depending on the load and the instant 
of short circuit: “For zero delay and no load on the generator, X 4" 
would be the value at the first instant of short circuit. For a delay 
angle a, and load angle y between internal voltage and the terminal 
voltage, the effective reactance would be: 


x Gy + XG 2a =. Xia 
2 2 


AG cos (2a + 2y) (1B) 


Tf we use the method of symmetrical components to calculate the 
fundamental component of single-phase short circuit for a funda- 
mental voltage applied, the effective reactance 

oy) Ge + Ge 


pa Xq" + Xe ‘ es 


Xe 5 Ai 


This corresponds in the first equation to a + y = 30 degrees which 
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is probably an average for conditions in which @ does not exceed 
30 degrees. 

For the great majority of cases Xqg” and X,” will be so nearly 
equal that the approximate equation 2B, consistent with the method 
of symmetrical components, is sufficiently accurate and should be 


used, 
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Unusual Electric Clock 


Boe and individuality are combined with utility in 
this unique terrestrial-globe electric clock hanging 
in the foyer of the Christian Science Monitor Building in 
Boston, Mass. Lights in the dial around the globe indi- 
cate the hours by large Roman numerals and minutes by 
the smaller Arabic numerals around the edge. A twin 
celestial globe at the other end of the foyer gives the day 
of the month. Both are driven by Telechron motors. 
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Tension Measurement and Control in Cold- Strip Mills 


By C. M. HATHAWAY 


ASSOCIATE AIEE 


Introduction 


requires the measurement and control of tension in 

the strip, and to meet this requirement the tensi- 
ometer herein described has been developed. The tensi- 
ometer produces a continuous indication of the tension in 
the strip during the rolling operation, and functions in 
connection with auxiliary control equipment to auto- 
matically maintain the tension at any desired value. An 
additional function of the tensiometer is the instantaneous 
indication of any difference in tension between the 2 edges 
of the strip. 


Te COLD rolling of steel strip on tandem mills 


Value of the Tensiometer 


A brief outline of the process of cold-strip rolling and 
of the problem involved is as follows: 

A tandem mill consists of 2 or more mill stands placed in 
line so that the strip passes from one mill directly into the 
other. It is highly desirable to maintain tension in the 
strip between these stands. Greater reductions can be 
obtained, a greater number of elongations can be made 
without intermediate annealing to soften the strip, and a 
flatter and smoother strip can be rolled if the proper tension 


‘in the strip is maintained. Furthermore, much can be done 


to compensate for defects in roll shape, strip lubrication, 
mill-housing stretch, etc., by properly manipulating the 
tension. 

However, in order to control tension it must be meas- 
ured, and the control cannot be more accurate than the 
measurement. So far only 2 methods have been discov- 
ered for measuring this tension. One method is by elec- 
trically measuring the input to the motor producing the 
tension, and the other is by means of the tensiometer to 
be described. A brief comparison of these methods of 
control follows. 


INPUT CONTROL 


The input to a motor can be measured by measuring the 
armature voltage and current, and if the voltage is con- 
stant, it is only necessary to measure the current. The 
current in the armature of the motor driving the mill 
stand is therefore a function of the tension in the strip, 
provided all the input to the motor goes into tension. 

This is not the case in a tandem mill, however. In this 
case the rolling load may represent about 90 per cent, and 
the tension 10 per cent, of the motor input. It is hardly 
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conceivable that the rolling load does not vary at least 
plus and minus 10 per cent. This is equivalent to a 
variation in tension of 200 per cent if the total input to the 
motor is maintained at 100 per cent by a current regulator. 
The difficulties involved in attempting to control the 
strip tension by means of motor input control are ap- 
parent. 


MECHANICAL CONTROL 


Because of the difficulties involved in controlling the 
strip tension by controlling motor input, various mechani- 
cal schemes of measuring tension have been tried, but the 
major difficulty with such devices has centered around the 
inertia of the moving parts. These devices usually in- 
volve a roller over which the strip passes in such a way 
that the strip tension produces a force on the roller. If 
the roller is resiliently mounted and connected to some 
device for measuring its displacement when the tension is 


Diagram showing location of pass roller C between 


2 stands A and B 


Figure 1. 


applied, a measure of the tension can be obtained. If 
this roller has to move an appreciable distance troubles are 
experienced in high-speed rolling due to inertia forces of 
the roller itself, so that the strip tension could change con- 
siderably before the roller could be accelerated and moved 
to its new position. The tensiometer makes use of this 
general scheme but uses a sensitive electric gauge for meas- 
uring the roller deflections, so that very small deflections 
are required. The natural frequency of the roller can 
then be made high enough to eliminate troubles resulting 
from inertia of the moving parts. 


LEVEL INDICATION 


In addition to the tension problem, there has been a 
great need for some method of indicating whether the 
strip was the same thickness throughout its width. One 
edge can be measured with a flying micrometer but not 
the entire width. If one edge is the proper thickness and 
the tension is the same in both edges of the strip, it is rea- 
sonable to assume that the thickness of the other side is 
the same as that measured. If the other side is thicker, 
the tension will be greater on that side, and vice versa. 
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This differential tension or “level” indication can also be 
obtained with the tensiometer. 


The Tensiometer 


The need for a device for the measurement of total strip 
tension and of differences in tension between the 2 edges 
of the strip has been pointed out. The tensiometer pro- 
duces a continuous indication of the total tension, provides 
a sensitive indication of any out-of-level condition, and 
operates in conjunction with standard control equipment 
to automatically maintain the total tension at any de- 
sired value by controlling the input to the mill motors. 
The tensiometér measures the total tension by measuring 
the force necessary to deflect the strip a given distance 
from the normal pass line. The strip as it passes from one 
mill to the next is caused to pass over a roller located so as 
to deflect the strip a small distance from the normal pass 
line. A force is thus produced on the roller at right angles 
to the normal pass line, and this force is proportional to 
the total strip tension. The arrangement is shown sche- 


Figure 2. Electric gauge for 
measurement of pass-roller 
deflection 


matically in figure 1 in which the strip is shown passing 
from A to B over the pass roller C of the tensiometer. 

Each end of the pass roller C is mounted by means of 
antifriction self-aligning bearings on a stiff cantilever 
beam, and the deflection of each beam when load is ap- 
plied to the pass roller is measured by means of an electric 
gauge. The electric gauge is a device capable of modu- 
lating or controlling an electric current in proportion to 
a small linear displacement. Each electric gauge has an 
output directly proportional to the deflection of the beam 
to which it is attached, and therefore, to the vertical 
load supported by the beam. The sum of the outputs of 
the 2 electric gauges is proportional to the total vertical 
load applied to the pass roller, and this is in turn propor- 
tional to the total strip tension if the deflections of the 
cantilever beams are small enough to be negligible in 
comparison to the elevation of the pass roller C above the 
normal pass line. The outputs of the 2 gauges are added 
by an instrument calibrated directly in thousands of 
pounds total strip tension. A second instrument is used 
to indicate any difference in output between the 2 gauges 
so that an indication can be obtained of any out-of-level 
condition that may exist in the mill. 
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Figure 3. Electric 
gauge output cur- 
rent versus arma- 
ture displacement 
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The electric gauges used for the measurement of the 
deflection of the pass-roller supports consist of a stack of 
E-shaped laminations mounted adjacent to a laminated 
armature as shown in figure 2, so that a small air gap 
exists between the 2. The armature is supported at its 
center on knife-edge bearings, so that a movement of the 
armature on its bearings will increase the air gap at 
one end and decrease it at the other. On each of the 
outer legs is a primary and a secondary winding. The 
primary windings are connected in series across the a-c 
power source, and in such a direction that the resultant 
primary flux passes through the center leg. The second- 
aries are also connected in series, but in such a direction 
that the resultant flux due to a secondary current will 
flow around the outside of the laminated structure rather 
than through the center leg. With the primary and 
secondary windings connected in this manner, the induced 
voltage across the secondary terminals will be zero when 
the armature is in its mid-position and the air gaps at 
its ends are equal. For this condition, the voltages in- 
duced in the 2 secondary coils are equal and opposite. 
A displacement of the armature from this position will 
decrease one air gap and increase the other causing an 
unequal distribution of primary flux between the 2 second- 
ary coils, and a voltage will appear across the secondary 
terminals that is a function of the armature displacement. 
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Figure 4. Tensi- 
ometer output cur- 
rent versus pres- 
sure on pass roller 


TENSIOMETER OUTPUT — MILLIAMPERES 


ie) 800 
LOAD IN POUNDS ON PASS ROLLER 


1600 2400 3200 


ELECTRICAL ENGINEERING 


Figure 5. Con- 
nection diagram 
of tensiometer in- 
dicating _instru- 

ments 


TENSION 
INDICATOR 


TOTAL TENSION 
INDICATOR 


The electric gauge unit can, therefore, be used to measure 
the deflection of the springs supporting the pass roller. 
The secondary output is rectified by a copper-oxide recti- 
filer as shown in figure 2, and the rectified output is used to 
operate the indicating instrument and the control equip- 
_ ment. A capacitor across the secondary terminals 
_ greatly increases the sensitivity of the gauge because of 
the voltage rise produced by the passage of the leading 
current of the capacitor through the leakage reactance of 
the secondary. 

The relationship between armature deflection from the 
neutral position and the rectified current in the secondary 
circuit is shown in figure 3. In figure 4 is shown the 
rectified current as a function of pressure on the pass 
roller as obtained by actual measurement on a typical 
tensiometer equipment. 

If it is desired to indicate unequal tension between the 
2 edges of the strip as well as the total tension, each end of 
the pass roller must be mounted on a separate spring and 
the deflection of each spring measured separately so that 
2 electric-gauge units are required. The outputs of the 
2 gauges can be added to obtain the total tension, and 
any difference between the outputs will be an indication 
of an out-of-level condition. These indications are ob- 
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tained as shown in figure 5, in which A is the instrument 
for indicating total strip tension. This instrument carries 
2 separate witidings on its moving element. Each winding 
is connected imone of the detector unit circuits so that the 
instrument torque is proportional to the sum of the 2 
electric-gauge outputs or to the total strip tension. Any 
difference in current between the 2 circuits will flow 
through the instrument B and will produce a sensitive 
indication of an out-of-level condition. 

In some cases it may be desired to roll strip of a wide 
range of width and thickness in the same mill, and in such 
cases the total tension may vary over such wide limits 
that it is necessary to provide a méang.for changing the 
scale of the tensiometer. This could, ‘of. course, be done 
by changing the springs on which the pass roller is 
mounted when it is desired to change scales, but it can be 
done more easily by changing the mechanical ratio of the 


Figure 7. Tensiometer stand with 93-inch pass roller 


Figure 8. Tensi- 
ometer stand with 
cover removed, 
showing electric- 


gauge unit 
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Figure 9. Tensiometer installation 


linkage between the pass roller bearings and the electric- 
gauge armatures. 

The upper element of the pass roller is located 2 or 3 
inches above the normal pass line and the distance be- 
tween stands is usually of the order of 10 or 20 feet. The 
diameters of the working rolls on the mills on each side of 
the tensiometer roller are not fixed but decrease with time 
due to wearing and resurfacing, so that the normal pass line 
is variable by as much as several inches. Provision must 
be made, therefore, for conveniently adjusting the eleva- 
tion of the pass roller above the normal pass line, so that 
this value can be maintained at standard. To aid in 
making this adjustment, vernier height gauges are at- 
tached to each of the pass roller bearings. These gauges 
are calibrated directly in working-roll diameter, and must 
at all times be set to coincide with the average measured 
diameter of the 2 lower working rolls. 


Tension-Control System 


A satisfactory control system for use in association with 
the tensiometer equipment for automatically maintaining 
the total strip tension at any desired value is shown sche- 
matically in figure 6. Referring to this figure the electric 
gauge outputs are amplified by means of a small 150-watt 
amplifying generator so that sufficient output is available 
for operation of a constant-current regulator. The regula- 
tor is used to control the field current in one winding of 
the counter-electromotive-force generator in the field cir- 
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cuit of the mill motor of the stand preceding the tensi- 
ometer. 


Typical Installations 


In figure 7 is shown a tensiometer stand equipped with 
a pass roller 93 inches long. The electric-gauge units are 
enclosed in the steel boxes at each end of the roller, and 
the cantilever springs on which the pass roller is mounted 
are clearly shown. The cover is removed in figure 8, 
showing one of the electric-gauge units. Figure 9 
shows a tensiometer and its associated control cabinet 
installed in a mill. One end of the tensiometer roller can 
be seen under the strip at the extreme left side of the pho- 
tograph. 


Conclusions 


A device termed a tensiometer has been described for 
the measurement of the tension in the strip during rolling 
in a cold-steel mill, and for the indication of any difference 
in tension between the 2 edges of the strip. The tensi- 
ometer can function in connection with auxiliary control 
equipment for the automatic maintenance of the total 
tension to any desired value. The value of tension 
measurement and “‘level’’ indication has been outlined, 
and the use of the tensiometer will aid to a more scien- 
tific study and operation of the cold-strip mill. 


“Science More or Less” 


VERY technical change brings about maladjust- 

ments, more or less serious depending on the num- 
ber of people involved. Much more is involved 
than mere unemployment or the lowering of price to 
consumers. New processes may destroy the capital 
investments of sleeping corporations; they render men 
and equipment obsolete; they uproot whole industries 
and ways of life. To date, invention and scientific dis- 
covery have kept to the black side of the ledger; they 
have been credits to civilization. We should like to keep 
them there. 

No one has yet solved the problems of human obsoles- 
cence, mass motivation, or technological unemployment. 
Unless our sociological inventiveness can show great 
improvement in the next 25 years we will not have made 
much progress no matter how pleasant and comfortable 
the air-conditioned lives of a few of us may be. I do not 
mean to imply that to get out of the woods we must have 
rigidly planned economy. The problem is much too 
complicated for that. The best plan in the world would 
be useless without the proper personnel, and with the 
proper personnel the plan, with its attending unpleasant- 
ness, is unnecessary. Education is far more important 
than coercion. 


From an article by C. C. Furnas of the Yale University school of engineering 
New Haven, Conn., published in volume 1, number 1, of Amateur Scientist. s 
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Operating speeds of 350 or more welds per minute are made practt- 


cal with a new type of control equipment for pneumatically operated 
portable welding tools. 


automobile and related industries has resulted in 
the adoption of pneumatically operated portable 
type resistance welding machines.! Fully automatic re- 
peat control devices are needed to obtain maximum op- 
erating speeds without sacrificing the quality of the welds. 
To be practical this control must be simple and inexpen- 
sive. 

This paper is concerned with a control device developed 
for use in connection with a high-speed portable air-oper- 
ated machine now commonly used in the automobile in- 
dustry. The principles outlined apply as well to other 
types of equipment. 

A “stitch” welder consists of a pneumatically operated 
welding tool, a solenoid-operated valve and a separate 
welding transformer connected to the tool by means of 
water-cooled cables, 6 feet or more in length. When the 
operator squeezes a momentary contact push button in the 
pistol-grip handle of the tool, the automatic control device 
closes the electrodes, applies power, disconnects it, opens 
the electrodes and keeps them open for a definite period 
of time before repeating the cycle. Repeat operation con- 
tinues for as long as the push button is closed. The term 
“stitch” welder has been applied because of similarity to 
an electric sewing machine. 

Those connected with the application of resistance weld- 
ing to the fabrication of sheet metal are familiar with the 
principle upon which the art depends—that the heat gen- 
erated in the weld is proportional to the product of the 
welding current squared, the resistance between pieces of 
work and the time during which the current flows.?, Few 
realize the difficulties encountered in satisfactorily con- 
trolling these 3 variables. 

The current is determined by selecting the turn ratio 
of the welding transformer by means of a tap switch on the 
primary side. The resistance of the weld decreases or in- 
creases as the pressure applied to the work increases or de- 
creases, respectively, and is controlled by regulating that 
pressure. Timing has previously involved the use of ex- 
pensive and complicated control equipment. A recent 
trend is toward simplified but more comprehensive control. 


A DEMAND for higher production rates in the 


Control Equipment Now Used 


Electronic control devices (power interrupted by elec- 
tronic tubes instead of magnetic contactors) are made to 
accurately control the period of time during which the 
welding current is allowed to flow.* These devices select 
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the point on the current wave at which the circuit is made 
and broken. Such equipment is necessary for some spe- 
cial applications but the first cost is high and complicated 
circuits make highly trained maintenance men necessary. 

Other less-expensive systems of control consist of a mag- 
netic contactor and some form of timing device. The 
timer may be mechanical, electromagnetic, or elec- 
tronic.*°° Most designs determine only the period of 
time during which the welding current flows. A few con- 
trol the interval of time between welds as well as the 
welding period. 


Four Independent Timing Periods Required 


Recent experience has made clear that the factor of time 
in the weld has 4 component parts. For purpose of identi- 
fication these have been named ‘‘delay,” ‘‘weld,” ‘‘hold,”’ 
and “‘off.”’ 

The “‘delay”’ period is the interval required between the 
operation of the solenoid valve and the application of 


Figure 1.‘ Ther- 
mal gradient chart 5 
showing distribu- 2s 
fects ie fees Sai 
tion of heat in a) 
weld fe B aa 
ao 
a 
THERMAL UNITS 
power. Two conditions may result from insufficient time 
delay. If the electrodes are energized before they touch 


the work a ‘‘flash”’ will result, leaving the surface of the 
work mutilated and the electrodes damaged. If the elec- 
trodes are closed but are under insufficient pressure when 
power is applied, the weld will appear to be satisfactory 
but it will not hold. Reference to the thermal gradient 
chart (figure 1) will make clear that heat is generated at 3 
points in the secondary circuit. If the pressure on the 
work is low when the transformer is energized, the heat 
generated at points A and C will be large compared to that 
generated at B. The surfaces of the work will be burned 
before the temperature at point B is raised to the fusion 
point. 

Some manufacturers of welding equipment have recog- 
nized the need for obtaining a sufficient amount of pressure 
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on the electrodes within the 
shortest possible time and to 
this end have designed tools 
with favorable operating 
characteristics. Short 
strokes, large ports, and op- 
erating valves mounted as 
close to the tool as possible 
are essential. At least one 
automobile body manufac- 
turer speeded up production 
by designing a _ solenoid 
valve in the handle of the 
tool itself, thereby eliminat- 
ing the delay involved in 
building up pressure in the 
line between the valve and 
the tool. 

A pressure switch is ordi- 
narily connected in the air 
line in such a manner that 
the contacts of the switch 
close when the pressure on 
the operating piston has 
reached the desired value. 
The closing of the switch 
initiates the remainder of 
theweldingcycle. Although 
satisfactory for most applications, the pressure switch has 
been eliminated from stitch-welder control. It represents 
an additional delay in the time required for the pressure to 
build up and exhaust in the line between the tool and the 
switch. Also, experience has determined that pressure 
switches will close prematurely because of turbulent air 
conditions, “‘slugs’’ of water in the line or because the 
electrodes are called upon to force together 2 or more pieces 
of work which have been formed improperly and do not fit 
perfectly. The solution of the problem lies in including in 
the control means for providing a definite time delay be- 
tween the operation of the valve controlling the electrodes 
and the application of power. This period must be adjus- 
table to compensate for the difference in the design of 
tools and the idiosyncrasies of the installation. 

Much has been said about the “weld” time in other pub- 
lished information.***®® It is sufficient to point out that 
in the interest of high-speed production and improved 
welds, this period has been continually shortened until 5- 
cycle welds (60-cycle frequency) are considered average in 
industries using sheet metal ranging in thickness from 12 
to 22 gauge. Shortened timing periods give less time for 
the heat generated in the weld to be conducted to the sur- 
face of the metal, thereby defacing or deforming the work. 

In general, ‘‘fixed” timing is used. There is little need 
for “‘current responsive” timing which, in one manner or 
another, compensates for variations in the welding cur- 
rent.° The value of this current is essentially predeter- 
mined by the secondary voltage and the short-circuited 
impedance of the secondary circuit. The resistance of the 
weld itself has little effect on the impedance of the circuit 
formed by a pair of electrodes at the end of 2 cables at 


& 
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Figure 2. Profile view of 
high-speed magretic con- 
tactor 


1146 


Roby—Resistance-Welder Cont¥ol 


least 6 feet in length. Then, too, high-grade body stock is 
not usually subject to scale, rust, or other imperfections 
which materially influence the resistance of the weld. 
Changes in resistance of the weld affect results because of 
the presence of the resistance factor in the heat equation. 
Even accurate compensation for minor current changes 
would not alter this condition. 

The shortest timing period practical when magnetic 
contactors are used to interrupt the primary of the welder 
transformer is between 2 and 3 cycles. There are 3 limi- 
tations. The so-called high-speed welder contactor re- 
quires slightly less than a cycle to close after the operating 
coil has been energized, and a little more than a cycle to 
open after it has been de-energized. If a contactor, when 
once closed, remains so for over a cycle, it cannot be used 
to energize a transformer for a period of time less than this 
amount. In fact, a longer period of time should be allowed 
to insure that the pole pieces of the magnet seal each opera- 
tion. Otherwise, extremely erratic performance will re- 
sult. 

Secondly, magnetizing current transients*’ which result 
when the transformer is energized at the zero point of the 
voltage wave, cause wide variations in results if shortened 
timing periods are used. One welder application studied 
had peak primary currents of 217 and 1,030 amperes, 
respectively, on 2. consecutive spot welds. Without a 
doubt, this case is extreme but it serves to illustrate a 
limiting factor in shortened weld periods. The transient 
currents contribute to a lowered secondary voltage and a 
“cold” spot is the result. Fortunately, such transients 
die out along an exponential curve with a very steep char- 
acteristic, and they are effective for only one or 2 cycles. 

Finally, a magnetic contactor will not respond ac- 
curately to a given electrical impulse unless that impulse 
begins each operation at the same point on- the reference 
voltage wave. Otherwise, the transient in the operating 


coil may cause the contactor to fail to respond. 

One solution to the transient problem is the use of a con- 
trol device having electronic tubes as interrupters instead 
The point at which the circuit 


of magnetic contactors. 


Figure 3. Me- 
chanical high- 
speed resistance- 
welder control 
unit 
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is made and broken can then be controlled. The use of 
such complicated and expensive control equipment is not 
necessary when ordinary ferrous metals are being welded 
because the plastic range of the metal is wide enough to 
absorb reasonable variations in control. The timing 
_ period can be lengthened to 3 or more cycles to make the 
variations small when compared to the total. 

The design of a magnetic contactor which will consist- 
ently perform at the rate of 350 or more operations per 
minute and will have the operating characteristics needed 
for short timing is a problem in itself. Long mechanical 
life, immediate interruption of the are, rapidoperation, and 
accessibility are imperative. The high-speed heavy-duty 
welder contactor illustrated (figure 2) has knife edge bear- 
ings (1); short gap (2); strong blowout coil and large 
_ copper contacts with gap adjustment (3). 

The “‘hold’’ time is the interval least discussed in the 
timing cycle and yet is one of the most importance. Until 
recently, it was general practice to de-energize the oper- 
ating coils of the welding contactor and the solenoid valve 
at the same instant. It was assumed that the welding 
_ contactor would open before the electrodes parted. Such 
practice was effective for as long as tools were sluggish and 
exhaust lines restricted. Modern tools, with valve in the 
handle, open as fast or faster than the welding contactor, 
making a predetermined “hold” time necessary. 

When the electrodes are allowed to remain on the work 
a period of time after the power is off, the appearance of the 
weld is improved. The water-cooled electrodes conduct 
away the heat as it comes to the surface, thereby prevent- 
ing abnormal discoloration. A weld allowed to cool under 
pressure also has finer grain structure and greater strength. 

Two additional advantages of “‘hold’”’ time have made 
themselves apparent in the automobile industry. Welds 
made on pieces of work not properly fitted together are 
prevented from breaking open before the weld is cooled 
below the plastic stage and heat is prevented from travel- 
ing ahead of the spot being welded. The electrodes of the 
tool are apt to stick to the surfaces of work made plastic by 
heat from a weld immediately adjacent. 

The “‘off’’ period needs little discussion. When repeat 
operation is desired, the operator continues to hold down 
the momentary contact push button in the handle of the 
tool and the timing device regulates the period during 
which the electrodes remain open before the cycle is re- 
peated. The minimum “‘off’’ time is determined by the 
interval required to open the gun and the delay involved 
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Figure 4. Cross- 
sectional view of 
time-delay unit 
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Graphical representation of 
control adjustments 


Ficure 5. 


in moving the tool to a point at which 
the next weld is to be made. 


Description of Control Unit 


The need for separately adjustable 
timing periods is clear. To obtain 
them without seriously complicating 
the control device has presented a prob- 
lem. One solution is illustrated in 
figure 3. The nucleus of the device is 
TR formed by 2 diaphragm-type pneu- 


HOLD matic time-delay assemblies joined by 
TRe means of a rod upon which a series. of 
WELD | | OFF contacts is mounted. With the rod 
ty in its normal position, the top dia- 
Dery 7 phragm A of the lower assembly (fig- 


ure 4) is cupped downward, forcing 

the air in the upper chamber down 
through the spring-held release valve B. Lower dia- 
phragm C responds to the movement of the top diaphragm 
confining the air to the lower chamber and making it un- 
necessary to expose the mechanism to the danger of faulty 
operation because of dust or other foreign matter in the 
air surrounding the installation. When force is applied to 
the contact rod, tending to move it upward, air must be 
drawn into the upper chamber from the lower one. Be- 
cause valve B has seated itself the only possible passage is 
regulated by needle valve D. A similar mechanism 
coupled to the upper end of the rod regulates its downward 
travel. 

The interval off time required for the rod to complete its 
upward stroke must be long enough to include the “‘delay,”’ 
“weld,” and “‘hold” periods (figure 5). The “‘off”” period 
is determined by the interval required for the rod’s return 
to its initial position. 

Once the rod speed has been established, adjustment C 
can be regulated to provide spacing between contacts 7’R2 
and TR3 and obtain the ‘‘weld’”’ time needed. Adjust- 
ment D proportions the ‘‘delay’’ and “hold” periods to 
meet the requirements of the application. The “weld” 
time is not changed by this adjustment inasmuch as con- 
tacts TR2 and 7R3 are moved the same amount. 


Schematic Diagram of Circuit 


Figure 6 is a schematic diagram of the electrical con- 
nections used. Closing the push button energizes control 
relay CR1 which in turn applies power to the check valve 
and the operating coil of control relay CR2. This relay 
energizes the solenoid operated 4-way valve which applies 
air to the tool and also connects the operating coil of tim- 
ing relay TR1 to the line. The armature of the timing re- 
lay magnet closes instantly, compressing a spring which 
applies force to the contact rod. Timing is, therefore, 
independent of voltage. 
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CRIT ope TONY During the upward travel 
Cy ; 

of the rod, contact T’R1 is 

opened first, disconnecting 
the pole of relay CR1 which 
functions from the push 
button. Operation con- 
tinues because relay CR2 
has formed its own main- 
taining circuit. Later in 
the rod travel contact 73 
closes, energizing relay CK3 
which in closing energizes 
the magnetic contactor that 
applies power to the ma- 
chine. Still later contact 
TR2 opens, dropping out 
relay CR3 and de-energizing 


Ca 


TR 4-WAY VALVE 


1 
a N the welding contactor. The 
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Wee TR wee # W pressure on the electrodes 
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is not removed until the rod 
reaches the end of its up- 
ward travel, opening con- 
tact TR4 and de-energizing 
control relay CR2. The 
cycle is not repeated again 
until the rod is returned to 
its initial position, reclosing contact 7R1. 

Features not ordinarily required can be included in the 
control device. The installation of a check valve to close 
the air-supply line during the period in which the tool is not 
in use is not difficult. Double action air cylinders are 
ordinarily used to speed up operation and considerable 
leakage occurs in the head end of such cylinders. 

A low-voltage transformer large enough to supply the 
solenoid operating valve can be mounted on the panel. 
It is considered good practice to energize the valve sole- 
noid from a low-voltage supply source if it is located in the 
handle of the tool where a ground would endanger the op- 
erator. To prevent the burning out of the valve solenoid 
if it should lodge in the open position, a thermal protective 
device can be included in the circuit. 

Maintenance is simplified by the use of a separable con- 
nector on the panel to make it unnecessary to disconnect 
any wiring if the panel is removed. Panels can be inter- 
changed with minimum delay and repairs or adjustments 
on the defective unit can be made later in the electrician’s 
shop. 
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Figure 6. Schematic dia- 
gram of electrical connections 


Test Procedure 


The information contained in this paper has been veri- 
fied in a series of field tests conducted by one of the large 
automobile-body manufacturers. A cathode-ray oscillo- 
graph was used to analyze the various components of the 
timing period previously described. The circuit of the 
oscillograph was arranged to show simultaneously on the 
viewing screen 4 elements of the weld cycle. To accom- 
plish this the a-c voltage applied to the solenoid-operated 
air valve was fed through a rectifier to the vertical plates 
of the cathode-ray tube. A second a-c signal having as 
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Figure 7. Repre- 
sentation of os- - <c 
cillograph screen 
showing method / \ 
of measuring weld 

cycle / OFF, DELAY, WELD , HOLD 


its source the voltage drop across the work itself was ap- 
plied directly to the same set of plates. Horizontal plates 
of the cathode-ray tube were energized from a sweep cir- 
cuit which forms a part of the oscillograph. A pattern 
similar to that illustrated in figure 7 resulted. Synchro- 
nizing contacts on the control device being studied caused 
the image to appear at the same place on the screen each 
operation. 

Practical problems in welding were considered and a 
theoretical solution to each problem was advanced. Ad- 
justment of the timing device to meet the specifications 
outlined in the theoretical solution was accomplished with 
the aid of the oscillograph. Samples of materials were 
welded and results checked. In each instance it was de- 
termined that satisfactory welds could be made if the 4 
component parts of the welding cycle were properly pro- 
portioned. At least 25 installations of the type described 
have been in operation for several months on an automo- 
bile-body assembly line. Reports indicate that the con- 
clusions reached during laboratory tests were justified. 


Conclusions 


Under laboratory controlled conditions good welds have 
been made at the rate of 600 per minute. Commercial 
results will depend upon the design of the equipment being 
used and the application involved. It is certain, however, 
that good welds will be made at the maximum rate only if 
each portion of the welding cycle is accurately and in- 
dependently controlled. 
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| Double-Line-to-Neutral Short Circuit of an Alternator 


By JAMES B. SMITH 


NONMEMBER AIEE 


Starting with R. H. Park’s formulas for the flux linkages of an ideal 
synchronous machine, the case of a fault from 2 line terminals of a 
generator to neutral ts treated in a manner similar to that used by 
Doherty and Nickle for other unsymmetrical faults. Expressions are 
given for the armature currents in the faulted phases and for the main 
field current, at any time after the short circuit. An expression for the 
voltage across the open phase a short time after the fault is also developed. 


Introduction 


synchronous machines is one that has been studied 
extensively for a number of years. R. H. Park! has 
given a rigorous solution of the 3-phase symmetrical fault, 
and Doherty and Nickle* have developed expressions for 
the currents flowing during single-phase short circuits 


: Ts PROBLEM of short circuits at the terminals of 
q 


_ both between lines and from line to neutral which give ex- 


cellent checks with experimental results. The present 
paper derives similar expressions for currents flowing in a 
machine when 2 lines are faulted to neutral. Park’s for- 
mulas for the armature and field flux linkages of an ideal 
synchronous machine are used as a starting point. They 
are simplified by the additional assumption that all re- 
sistances are negligible. Decrement factors are applied to 
the resulting expressions for current and voltage in a man- 
ner analogous to that used by Doherty and Nickle. The 
final formulas are found to give results which are in good 
agreement with experiment. 

The basic assumptions made in the treatment of this 
problem are: 


1. The assumptions made by R. H. Park in his definition of an 
ideal synchronous machine. § 


2. That the resistances of all field and armature circuits are negli- 


gible except where they appear in decrement factors. 


3. That the speed of the rotor is constant at all times. 


The second assumption is equivalent to saying that the 
flux linkages in both the direct and quadrature axes re- 
main constant, that is, the effects of the terms py, and 
py, of reference 1 are neglected. If this assumption were 
strictly adhered to, the initial values of the currents as 
given by equations 11 would persist indefinitely. We 
know, however, that if assumption 2 were not made the 
fluxes and consequently the currents would decrease ac- 
cording to certain decrement factors obtained from the 
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roots of a determinantal equation arising in the solution 
of equations 11, 12, and 13 of reference 1. Since in the 
case of a double-line-to-neutral fault this equation cannot 
be solved algebraically these decrement factors are ob- 
tained approximately and applied to the appropriate terms 
of equations 11. This treatment should not produce much 
error unless either the decrement factor of some circuit 
or the armature circuit resistance is large. 

The third assumption should not introduce much error 
except in the case of a machine with a small moment of 
inertia which might slow down appreciably at the instant 
of short circuit. 

The machine is considered to have 2 field circuits in the 
direct axis, referred to as the main and the additional 
field. In the quadrature axis there is no main field, so 
only the additional (amortisseur) field is present. Direct 
current excitation is applied only in the main field. 

The short circuit is assumed to occur directly at the 
terminals of the machine at a time when it is carrying no 
load. If the short circuit occurred through external re- 
actance this reactance could be added to the direct- and 
quadrature-axis reactances and the sums used in equations 
35. If there is much external resistance the equations of 
this paper cannot be used because of assumption 2. 


System of Units 


All quantities said to be in armature terms are in a per- 
unit system based on the following normal values: 


€, = rated phase voltage of the machine in volts 
in = rated phase current in amperes 
= en ; 2 
Xn = %% = > = normal reactance or resistance in ohms 
In 

wn, = 2nf, = normal angular velocity in radians corresponding to a 
normal frequency of f, cycles 
Xn ; ; 

Ly, = — = normal inductance in henrys 
On 

Yn = LyzIn = normal flux linkages in volt seconds 


The term ‘‘per unit’’ means that the quantity in question 
is expressed as a fraction of the appropriate normal value. 
Note that at normal frequency per-unit reactance equals 
per-unit inductance. The symbol x as used in the paper 
can therefore be thought of as either an inductance or a 
reactance, whichever is most convenient. 

For reasons that will be brought out later it is sometimes 
convenient to express quantities in field terms. Quanti- 
ties said to be in main field terms have the following nor- 
mal values: 


enRya 
En = = 
Xafd 


voltage in volts which if connected to main field 
terminals will cause normal field current to flow 
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where 


Ryq = per-unit resistance of the main field in armature terms 
Naya = per-unit mutual inductance of the armature with the main 
field in armature terms 


4 a ’ x 
Ip = —~ = normal main-field current, that is main-field current 
Vasa which will produce rated terminal voltage on open 
circuit 
é . 
Ryn = = Ryq = normal main-field resistance 
In 


Quantities said to be on additional field terms are based 
on similarly defined normal values except that the sub- 
script f is replaced by one. 

To change a per-unit quantity from one system to an- 
other simply multiply the per-unit quantity in the old 
system by the ratio of its normal value in the old system 
to its normal value in the new system. Thus for example: 


i Tya x iz = Xaral pa 


fn 


where: 

I = main-field current in main-field terms, direct axis 
Iyq = main-field current in armature terms, direct axis 
Development 


of General Equations 


Let the following symbols represent per-unit quantities 
in armature terms: 


Va, Wy, We = armature phase flux linkages in phases a, b, and c 

tq, Up, ¢ = armature phase currents in phases a, b, and c 

xq", %q’', <q = subtransient, transient, and synchronous reactances in 
the direct axis 

Xq", Xq’, Xq = subtransient, transient, and synchronous reactances 
in the quadrature axis 

Xo = zero-sequence reactance 


6 = angular position of the rotor in degrees measured from the axis 
of phase a 

é = open-circuit terminal voltage for one phase 

r = resistance of one armature phase 


Let the following symbols represent per-unit quantities in 
main field terms: 


NY 
| 


= current in main field, direct axis 

= excitation voltage in main field, direct axis. It is also numeri- 
cally equal to the sustained steady state d-c current in main 
field, direct axis 


es} 
| 


Let the following symbols represent per-unit quantities in 
additional field terms: 


ll 


Ta current in additional field, direct axis 
I, = current in additional field, quadrature axis 


It is also convenient to talk about the total excitation due 
to all fields in an axis. In terms of the above defined 
quantities there is: 


Ig = I+ Iq = excitation in direct axis 
I, = Iq = excitation in quadrature axis 
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Park gives the following formulas for armature flux 
linkages: 
Xo ,. . A 
Dy S UGOSO SIS 3% +t +4.) — 


Xa — Xq 


F i é [t, cos 20 + 


ip cos (20-120) +7, cos (20 + 120)] (la) 
» = Igcos (9 — 120) — I, sin (@ — 120) — 
Xo ,. 3 ; xa + Xq . te + tq 1 BES 
3 (tq ap Up sr ie) ri 3 @ D) ) 3 x 
[ig cos (28 — 120) + i, cos (20 + 120) +7,cos20] (1b) 
We = Igcos (6 + 120) — I, sin (6 + 120) — 
Semis tna Oe he Tg fin 2 ta 
3 (ia + ty +4) — Sara (i. - 24) se 
ag ae [i, cos (20 + 120) + 7%, cos 26 +7, cos (20 — 120)] (1c) 
When the assumption is made that r = 0, equations 
4a and 5 of reference 1 become: 
Ig = E+ (xa —Xa")ta - (2) 
Diy me Cie be Oh (3) 
where 
2 
tq = 5 [22 cos 6 + 2, cos (@ — 120) +7, cos (6 + 120) ] (4) 
2 
i 3 [¢, sin 9 + 2, sin (@ — 120) +2, sin (@ + 120)] (5) 
also in the per-unit systems used 
E=e (6) 


After substituting equations 2 
there results: 


to 6 into equations 1 


ty + t¢ 
2 


[tq cos 20 + iy cos (20 — 120) +72, cos (20+ 120) ] 


Xo ,. z F La" x5" f 
Yi CO DNA edo: Siro) : = @ 


3 


Xa | Be cole 


3 (7a) 


Yn = ecos (8 — 120) = 0 sO) “= Ge), apes i (i —) me 


uv 


C71 a 
setts [ta cos (20 =a 120) — 1p COS (26 + 120) + Le cos 20) | (7b) 
We =ecos (@ + 120) — 3 (tq ae iy ss dc) Xa — (i. ta t+ *) es 
© 2 


” 5? 


[tq cos (20 + 120) + i, cos 26 + i, cos (26 — 120) ] (7c) 


Xq 
3 

If 6) is the angular position of the rotor at the last in- 
stant before short circuit, then at that instant 


Wa = € COS I 
Yy = ecos (6) — 120) (8) 
We = ecos (6) + 120) 


since because of our assumption that the armature resist- 
ance is negligible the flux linkages before the short circuit 
must equal the flux linkages after the short circuit. When 
equations 7a, 7b, 7c, and 8 are combined and solved for 
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i ; é 
7, and 7, under the special condition for a double-line-to- 


neutral fault, 7, = 0, there results: 


—_ 2 Vie} Se + Xq") [cos (@ — 30) — cos ( — 30)] i 
2 D 
| (xq" — xq") [cos (28 —  — 30) — cos (@ — 80)] 
Ss ate 
2xo[cos(@ + 30) — cos (8 + 30) ] 
See (9a) 
Ee ; V3e aa Siva) [cos a 90) — cos (4 —90) ] 4 
(x@” — x9") [cos (28 — & — 90) — cos (@ — 90)] 
“So Pp geeeraene i one nn aerial 
2x» [cos (@ + we cos (0) + 30)] (ob) 


where 
® 1 1 
D= Xa (s0+3a") tae'(st3eu") + 


1 1 
Es (= aa «| =m" (« +6) cos (26 + 60) (10) 


It can be seen that each of the phase currents is made up 
of 3 components. Each of these components may be 
expanded into a harmonic series by assuming a Fourier 
series and finding the appropriate coefficients. When this 
work is carried out there results: 


1 
oF sc +/3e [M(xa" + Xq")(Aep = A op) + M(x" — Xq") x 


(Agen + Ain) + Mx)(A e0 al A) | (11a) 
There is a similar expression for 7,: 
| Ap pe 

ty = 5 V3e [M(xa” + Xq")(Bep + Bop) + M(xa" — xq") X 

(Ben + Bon) — Mxo(Aeo + Am)] (11b) 
where 

1 

M — 


Lay < oa 
2a" (. ae, Xg ) (x ee Xa ) 
Ss a 1 
—2 cos (a, — 30)( b° cosn(@ +30) + +) 


n=2 


Ae = 


The subscripts indicate that this is the series of even 
harmonics which is multiplied by x,” plus x,”. 


oo 7 
1 ee 
Ag = + >(1 +0) ) b ? cosn(6 +30) + 
7 n=1 
o t=) 
ies Y ; ao yay: 
we (1 — bd) b sinn (8 +30) 
= n=1 
Co w—2 
Aen = + os 6 (1 — 6?) ) Be sin n (6 + 30) — dsin 4 — 
n=2 
ee) n—2 
sin 0 (1 + 5?) > b 2 cosn (6 + 30) 
n=2 
Aon = —Aop 
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C] n : 
A = —4cos (4) + 30) b> b° cos n (6 + 30) + | 
n=2 4 
ey HII 
Aw = 2(1 +6) >> * cos n (0 + 30) 
n=1 
Bey = — 2 cos (0 — 90) py Brissy (9 + 80) +3 | 
n=2 e 
1 cds) Giant) 
Boy = — > a+) do 0 ” cos n (0 +30) + 
n=1 
1 oer eae 
V3 (1-8) ye * sin n (6 + 30) 
n=1 
Cliy, St 
Bay = cos (ee areny C1 -v) > en atg cathe 
n=2 
bsin (0) + 60) — bsin (4) + 60) — sin (6) + 60) (1 + 52) X 
© n—2 
yoo : cos n (6 + 30) 
n=2 
Bon Th —Bop 


1 1 
y (w+4 “a i= Saye (w+ a) 

BGs Ai Gale ben 1 
te (w+ 5x ) + ys" (w+5 7) 


Only odd values of 7 are to be used in the summations 
from 2 = one ton = ©, Only even values of 1 are to be 
used in the summations from = 2 tom = ». Doherty 
and Nickle have shown in the case of single-phase short 
circuits that all d-c and even harmonic terms in the arma- 
ture current die to zero according to a time constant de- 
pending on constants of the armature. Odd harmonic 
terms die to a steady state value according to time con- 
stants depending on constants of the field circuits. In the 
double-line-to-neutral short there are 3 armature time 
constants, one to be used with the even harmonic terms of 
each of the components of the armature current. Before 
proceeding with the derivation of these time constants it 
will first be necessary to find an expression for the field 
current. 


Field Current 


Let the following symbols represent per-unit quantities 
in armature terms: 


ra = flux linkages with the main field 

Yq = flux linkages with the additional field 

Tyq = main-field current 

Tia = additional field current 

la = current flowing in the direct-axis armature circuit 
Xypq = self-inductance of main field 

Xpiq = mutual inductance of main field with additional field 
Xia = self-inductance of additional field, direct axis 

Lata = mutual reactance of armature with main field 

%aq = mutual reactance of armature with additional field 
Eyq = voltage across main-field terminals 

Ryq = resistance of main field 


Rug = resistance of additional field 


Waring and Crary* have given expressions for the field 
flux linkages in armature terms. In the main field, direct 


axis: 

i = Xyalya + Xpalia — Xazata (12) 
and in the additional field, direct axis: 

tia = Xpalya + Xuahlia — Xarata (13) 
before the fault 

vya = Eya/RyaX pra (14) 
Via = Eza/Rya Xiya (15) 


Assuming constant flux linkages these four equations 
may be solved simultaneously and there results: 


1, a Bit XaeXna ~ eptXua as) 
he Rya XuaX sya — X pia? 
roe XaraX pia — XaraX pra ia (17) 


XKiaX pa — X pra? 


Equations 16 and 17 can be rewritten in individual 
field terms and there results: 


XaiaX pia — XasaX usa 


PF = (xaralta = Et Apaxata (18) 
XuaX pra — Xpia? ba i 
XataX tia — XaiaX : : 
Iq = — Cafe fe a (xaralia = Araraia (19) 


XuaX ya — Xpa? 
If 16 is multiplied by x,,, and 17 by xy_¢ and the result- 
ing equations are added it is found that:* 


E , 
Xaralya + Xaiaha = Ae: ee ap (hy = CH) Won (20) 
Yd 


If the field quantities in this equation are now expressed 
in terms of their individual fields 20 becomes: 


I+ fa = E + (xa — xe" )éa (21) 
where 

5 Xnataza® — 2X piaXaraXaza + X yyaXara® 
a= Xa = 


XaX pra a Xpa? 


Note that equation 21 is the same as equation 2. 

The factors A,, and A,, serve to divide the rotor current 
into the portions which flow in the main and amortisseur 
fields. For the transient d-c components of the rotor 
currents these factors can be put in a simpler form. In 
most practical machines the transient d-c component of 
I,, dies out very rapidly so that it is zero for most of the 
time that the transient part of J,, is flowing. Therefore 
we may consider that for d-c transients X,,, in equations 


18 and 19 is equal zero. Under these conditions 
xaA ya a Ga (22) 
(23) 


ie uv 
xqgAig = Xq' — Xq 


Substituting in equation 18 for 7, and E their values 
from equations 4, 9, and 6 there results: 


xa” +x," [1 —cos (6 —6 
Peet eda }* — | zoek 2] 


D 
Xq" —%_" | 1 — cos (6 — 4) 
ge ae 
xo[1 — cos (8 — 4) — cos (8 + 4 + 60) + cos (26 + 60) ] 
D (24) 


1152 


Smith, Weygandt—Short Circuit 


The current in the additional field is the same except — 
that the constant term is missing and A,, is replaced by 
A,a : 

Equation 24 may be expanded into a set of harmonic 
series in a manner similar to that used for equation 9. 

It then becomes: 
I[=e+ exgA ra[M(xa" af xq")(Cep sr Cop) + M(xa" — Lge) x 


(Cen + Con) + Mxo(Ceo + Coo) ] + eM (xa = xa’) X 
(xq” + x0 + bx) (25) 


Note that the d-c component is multiplied by its special 
value of Ay. 
In equation 25: 


oo n 
Co = ) 0? cos n (@ + 30) 
n=2 
o n—1 
1 
Cup = — —cos (60 + 30) (1 +) > b ” cos n(@ + 30) — 
os n=1 
onal 
Ssin (Ge dea0y (bP =o) > b” sin n (0 + 30) 
n=1 
Con = — Cy 
Con, = —Cop 
at ae 
Cree > b* cosn (6 +30) + (1 +62) > b * cosn(6 +30) 
n=2 n=2 
oo! at 
Co = —2(1 +d) cos (6 + 30) > 6b? cosn (6 +30) 
n=1 


Similarly the current in an additional field in the direct 
axis is 
Iq, = exaAra[M(xa" + xq")(Cep + Cop) + M(xa" — xq") X 


(Cen + Con) + Mxo(Ceo + Coo)] + eM (xa’ — xa") X 


(xq” +x0+ bx) (26) 


Decrement factors must be applied to the various terms 
in these expressions for field currents in the same way as to 
the armature currents except that the armature decrement 
factors apply to the odd harmonics and the field decrement. 
factors to the even harmonics. 


Decrement Factors 


In order to apply field decrement factors to the odd 
harmonic terms of the armature current, it is necessary to: 
divide the armature current into portions, each of which is 
dependent only on the current flowing in a particular field 
circuit. The decrement factor for each portion is then the 
reciprocal of the time constant of its field circuit. Since 
this division will be the same at all times it will be sufficient. 
to determine it at the initial instant. 

At the initial instant the total direct current field excita-- 
tion in the direct axis is: 


e + eM (xg — x4") (x%q" + x + bx) 


from equations 25 and 26. 
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ery 


, = 


The field excitation due to direct currents flowing in the 
additional field in the direct axis is: 


eM (xq' — xa") (xq" + x0 + dao) 
The fraction of the total armature current dependent 


on this additional field current, that is the subtransient 
part, is then the ratio: 


M(xa' — xa")(xq" + x0+ dx) 
ul + M(xa — Xa") (xq" + Xo + bx0) tas 


Tbe = (27) 


where 7,9 is the odd harmonic terms of i,. 


Similarly the fraction of the total armature current de- 
pendent on the transient current in the main field, that is 
the transient part, is: 


M(xa — xa’) (x_"” + x0 + bxo) 


1 Ce = ge Soa i AE Ae, UB ic 
< 1 + M(xq — xa") (x_"” + x0 + bxo) = co 
This leaves for the sustained part: 

ion 2 
> | + M(x@ — Xa") (Xe a Xo oS bx) “aa ( 3) 


The same factors of course serve to divide ij, the odd 
harmonic terms of 7. 

To calculate field time constants for a double-line-to- 
neutral short it is necessary to rely upon some physical 
reasoning rather than a strict mathematical derivation. 
When a short circuit of any kind occurs in a machine 
having 2 field circuits in the direct axis, the inductance of 
each field circuit is altered by the fact that there are 2 other 
closed circuits linking at least part of the flux linked by the 
circuit in question. However, the amortisseur circuit in 
most machines has such low reactance that its d-c com- 
ponent of current dies so rapidly that it is nearly zero for 
most of the time that a transient current is flowing in the 
main field. Therefore the amortisseur circuit may be 
considered open in calculating the time constant of the 
main field. Under these circumstances the per-unit self- 
inductance -of the direct axis field circuit is X,,. The 
current flowing in the direct axis before the fault is equal 
to E = e. Shortly after the fault the average value of 
main field current is, from equation 25: 


I =e + eM(xq — xa’) (xq" + x0 + bx0) 


Since the flux linkages remain constant the main field in- 
ductance after the fault must be: 


1 
xX 
1 MU (x%q = 2a") (%q” + x0 + bm) 
The main field (transient) decrement factor will then 
be the ratio of the main field resistance to the main field 
inductance. 


rra{l + M(xa — xa’) (%q” + xo+bx0)] 


(30) 
X ya 


(OF 


The self-inductance of the additional field considering the 
main field as a closed circuit is: 
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The average value of the current in the additional field 
immediately after the fault is, from equation 26: 


Ta = eM(xq! — xa") (xq" + x0 + deo) 


Therefore the inductance of the additional field after the 
fault is: 
as ut) 
X pa 


The additional field (subtransient) decrement factor is: 


1 
1+ M(xq! — xa") (xq" + x0 + bx) (Xn 


ra Xyyatiall + M(xa! — xa") (xq" + x0 + bx) ] 
XuaX pa — Xiya? 


ad (31) 

The even harmonic terms of the armature current are 
grouped into 3 separate series. Each series may be con- 
sidered as a current flowing in a closed armature circuit. 
The decrement factor to be used with each series is the 
ratio of the resistance of this circuit to its inductance. 
From an inspection of equation 11 the inductance met by 
the first even harmonic component of armature current is 


1 
(xa" + xq")M 


The decrement factor for this component is therefore: 


Gap = 1(xq" + xq") M (32) 
Similarly for the other 2 components: 

Can = 1(%q" — xq") M (33) 

Oo = Tx (34) 


The final expression for the armature current in phase a 
at any instant is: 


il 
1g = > 3eM[(xg" + xq")e—eartA epi ce Ca = Xq r) ean! 4 en 
xe 720A oy + K"e*4"" (2x, Ap +. x0A oo) + 


K'e—*a"" (2xq”Aop + 0400) + K (2xq”"Aop + 0A oo)] (35a) 
The current in phase 3 is: 
Ie oa pe 
ly = 3v3 eM| (xq” + Xq")e 47" Bey + (xq” — eae Doe zs 
Xe %20°A oy + Kev a*arl(2x," Boo << x0A oo) aod 
Kg atOa "Bes sa x0A 00) + K (2%_" Bop ea x0A 00) | (35b) 


The current in the main field is: 


I = e+ eMxgA yallieg" + q")e-290"Cop + (ita! — 20q")e%0"Con + 
wpe %20Cog + (xq" + x0 + dx) ea" + K"e—*4"! (Qxq"Cop + x0Ce0) + 
K'¢—%4""(Qxq"Cep + %0Ce0) + K (2x _"Cep + X0Ceo)] (35¢) 


The current in the additional field is the same except 
that the sustained d-c term is missing, and the transient 
d-c term has the decrement factor a,”, and the factor Ajq 
is replaced by A,. 

If x) becomes infinitely large equations 35 become identi- 
cal with the equations developed by Doherty and Nickle 
for a line-to-line fault, as should be expected. 


The Voltage Across the Open Phase 


To get an expression for the voltage across the open 
phase the flux linkages can be found by setting 4, = 0 in 
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equation 7c. i, and 7, can be eliminated from the resulting 
expression by substituting their values from equation 9. 
The result can then be expanded into a series and decrement 
factors applied as in the case of the currents and there is: 


We = eM [8x_~ xo Ke ca" BP + Soo xoK'e 2a" Fr, + Bx gxoK F, + 
Xq — Xo (xa" <a xq")? 
eh Ea BR 

4 


(xq” + %q”) e tap! Fy — Aan! Fy — 


xa" ait xq" Oe 
4 


(xq" — xq")e—%an' Fy — 


xo(xq" — xq”) cos (60 + 30) €%a0'F;] (36) 


To get the voltage equation 36 may now be differentiated 
with respect to time. It is much more convenient to ex- 
pand the functions into Fourier series and then differen- 


a, Figure 1a. 0=0 
ld A—Voltage across 
i) the open phase 


C—Current in line b 


E—Voltage of phase 
a 


B—Current in line a 


D—Main-field 


cur- 
rent 


be 


F—Neutral current 


tiate them term by term. This procedure is valid because 
the functions F satisfy the rigid conditions under which 
the term by term derivative of a Fourier series is also the 
derivative of the function.‘ 

The final expression for the voltage across the open phase 
a short time after a double-line-to-neutral fault is: 


de = —eM[Bxq"xoK"e 4" (pF, — %4" Fy) + 8xq"xoK ed" (pF, — 
xq” — Xo 
2 


aq’ F,) + BXq"X0K pF; + 


(xq” + x9") eee" (p Fy — 


uv 


(ia! = 2,)" 


Chypty) = 4 ean! (p Fy = Qanlr) = 
Ng +X" — 2X 5 ween 
A (xa xq" )e Sant (bP y= onli) = 
Xo(X%eq" — X~”) C93 (09 + 30) €—%20'(p Fs — a@oF3)] (37) 
where 


ial 


(1-5) ) 6 F 


i = sin 2 (@ + 30) 
n=1 
co) Waa 
pF, = —( —)d) b cos 2 (6 + 30) 
n=1 
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Ce 
2 1 
—2 cos (6) — 60) | Doon (6 +30) + a 


Fry = 
n=2 
on 
pF, = 20s (6) — 60) > nb” sin n (6 + 30) 
=2 
ao n—2 
2 
F, = bcos (6 — 60) + sin (6) — 60) (1 — 6?) ) b x 
n=2 
sinn (6 + 30) + 
co n—2 
cos (@) — 60) (1 + 52) > b * cosn (6 +30) 
n=2 
eins 
pF, = sin (6) — 60) (1 — b?) > nb * cosn(6+30) — 
n=2 
Se 
cos (6) — 60)(1 + 52) > nb * sinn(@+30) 
n=2 
Bir’ 
Fy = (1-3?) > b * sinn (6 +30) 
n=2 
Seve 
pFs = (1 — 6?) nb” cosn (@ + 30) 


n=2 


Steady-State Currents and Voltages 


From equations 35 the sustained line currents are: 
, iS oy E 
tg = 5) V3eMK (2x4 "Aop + xed 00) (38) 
Q 1 a a ” 
Ai = 5 \/3eMK (2x4 Bop — x04 00) (39) 
The neutral current is their sum: 
iy = V3 eMKx"(Aop + Bop) (40) 
Substituting for Ao, and Bo, their values: 
© 7 — 
iy = 8eMKx,"(1 — b) > b > sinn (6 +30) (41) 


n=) 


From equation 37 the sustained voltage across the open 
phase is: 
© Peau 
do = —8eMKx_"x0(1 — d) ) nb ” 


n=1 


cos n (6 + 30) (42) 


If only the fundamental terms are considered, which can 
be done with very little approximation if 5 is small, then 
the root-mean-square values of the time functions in 
equations 41 and 42 are equal. Therefore the ratio of the 
root-mean-square values is 
V. 


=X () 
N 


which we would expect since this is one of the methods of 
measuring Xp. 
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Comparisons of Calculated and Test Results 


In order to check equations 35 and 37, oscillograms were 
taken of a number of short circuits on 2 different machines. 
Figure la is a typical oscillogram taken on the following 
machine: General Electric Company, 45 kva, type ATB 
form P.B., frame 7,621, 118 amperes, 220 volts, 60 cycles 
1,200 rpm, serial number 302,689. The constants of this 
machine in per-unit on a 220-volt 118-ampere base are: 


Xa aed 0.9 

et = | 0.241 

Cae 0220 

Tao’ = 339 

Xq = aoe — Ae = 0.470 
Xo = 0.07 

r = 0.033 

ane = 0.6 


The amortisseur winding of the machine had been re- 
moved. 

Figure 15 shows curves calculated from equations 35 and 
37. The armature currents check very closely, especially 
in the first cycle where there is no difference of more than 
8 per cent. The calculated curve of the field current 


L\ 


Figure 1b. #=0 


) 

[\ /\ /\ A—From equation 
awa \ / 37 
10 
C—From equation 


0 ar oF 
E—e sin 8 


LDS 
mn B—From equation 
35¢ 


0 D—From equation 
[\— Fe 35 
Cea aa F—From equations 


: IM A 35 and 35b 


shows too large a percentage of harmonics. This can be 
partly explained by the fact that in the actual calculation 
Aj, was computed from equation 22 because all the con- 
stants in equation 18 were not available. All of the cal- 
culated curves show too large a percentage of even har- 
monics in armature quantities and odd harmonics in the 
field current, especially after the first cycle. This indi- 
cates that the values of the armature decrement factors as 
calculated from equations 32, 33, and 34 are somewhat too 
small. The short circuits were all made at normal voltage, 
so that saturation of the iron undoubtedly affected the test 
curves. The constants used in the calculations were meas- 
ured under unsaturated conditions. 
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In order to find the largest possible value of current that 
can occur plots of both 7, and 7, were made for a number of 
different valus of 6,. These plots showed that the largest 
peak of 7, occurred very near the point where 0, = 0° and 
0, = 180°. For 7, the largest peak occurred near 6, = 90° 
and @ = 270°. 


When these values are substituted in equations 9 there 
is: 


er ae ee 
ME SEs ” ” 
3xXa Xo -}- Xq Xo + Pete gal! (43) 
ne 2/8 e(2xq" + x) 
(44) 


a € 
xa"Xo + Bx_" x0 + Qxa" xe" 


These values do not give quite the theoretical maximum 
values of equations 9, but since actually we should con- 
sider the decrements as well, these expressions, are close 
enough and have the advantage of being relatively simple. 
In table I values of current calculated from equations 43 
and 44 for the machine described and another similar 
machine are compared with the largest peaks for other 
types of faults calculated from analogous expressions. 
For line-to-neutral? fault: 


, 6e 
is en ae ae 
a ae a. (45) 
For line-to-line fault: 
ave 
Ties xq" (46) 
For 3-phase fault: 
: 2e 
tq — eH (47) 
Xa 
Table | 
Machine 
Type of Fault Current I Il 
i , TRE eo ae Se TWA beaten o Besceele ee 
i le pases Oe eae 10.0 
if SAMA a ae Oe ae or eee Las ess 
i 1 BS ae ee, 1 dee ee ee eT 0) 
I pe 


l—n UB : 1OG%e Sash ee Oe) 


The table shows that for 2 typical machines the theoreti- 
cal peak value of the line current in a double line-to- 
neutral fault is of about the same order of magnitude as 
that in a line-to-neutral fault. 
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Flywheels for A-C Genernne Units 


By F. K. BRAINARD 


MEMBER AIEE 


and parallel operation of generating units, that the 

object of this paper is not to attempt to develop any 
entirely new method of flywheel calculation, but rather 
to collect and apply the available information and put 
it into convenient shape for practical use. The considera- 
tion of torsional vibrations in connection with the deter- 
mination of flywheel sizes is frequently of the greatest 
importance, especially in the case of large multicylindered 
oil engines, and should not be overlooked. However it is 
beyond the scope of this paper and so will not be con- 
sidered here. 

In addition to the above, there are 3 quite distinct con- 
ditions which the flywheel of a proposed unit must satisfy. 

The first is the very obvious condition that it must be 
large enough to prevent objectionable variations in fre- 
quency (and voltage) when the unit is the only generating 
unit on the system. Failure to provide for this will re- 
sult in objectionable flickering of lighting handled by the 
generator. These variations may be (a) the result of 
violent changes in load combined with a somewhat slug- 
gish prime mover or governor, or (0) the result of pulsating 
torque of the prime mover. 

A convenient criterion for the (a) condition is the ratio 
of the kinetic energy of the rotating parts to the rated 
output of the unit. This will be the time required by the 
unit when operating at full load to develop energy equal 
to the kinetic energy of the rotating parts at full speed. 
There is nothing new about this as the equivalent of this 
has been used for many years. If this time is in seconds, 


S O MUCH has been written on the subject of flywheels 


then: 

WR = 433 kw T; 
rpm \* (1) 
100 


For hydroelectric units this effect is important, 7) in this 
case varying between about 1.4 and 2.0 seconds, for a 
normal machine, depending upon the head, length of 
penstock, speed of operation of governor as well as gates, 
etc. For other applications this effect is, as far as the 
writer is aware, never the limiting feature, although it 
would seem that it might be in the case of certain multi- 
cylinder steam engines. 

The (0) condition is important in the case of reciprocat- 
ing engine units, on account of the varying turning effort 
developed by the engine for different crank angles. A 
convenient criterion for this condition is the well-known 
“irregularity factor.’’ The use of this is also very old. 
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It is the variation in speed expressed as a fraction of 
normal speed, during a power cycle, the load being assumed 
constant, e.g., an irregularity factor of 1/20 means a varia- 
tion in speed of 0.5 per cent during one revolution of a 2- 
cycle engine or 2 revolutions of a 4-cycle engine. It can 
be easily shown that the following is a very close approxi- 
mation for flywheel effect in terms of irregularity factor: 


Wie oot (2) 
rpm Ay 
(i) 

Permissible values of irregularity factor depend upon the 
character of the load served and the frequency of the im- 
pulses causing the variations in speed, i.e., the number 
of power impulses per minute. For a miscellaneous fac- 
tory load in which good lighting is not important an 
irregularity factor of 4/100 will usually be satisfactory. 
However since office or residence lighting is almost al- 
ways an important factor, and since low-wattage metallic 
filament lamps are used so generally, it is practically al- 
ways necessary to make the irregularity factor low enough 
to avoid serious flickering of such lamps. The voltage 
variation necessary to produce an objectionable flicker 
varies with the frequency of the variation, being a maxi- 
mum at about 500 cycles per minute. The available data 
are somewhat conflicting but it would seem that the fol- 
lowing are reasonable values of irregularity factor: 


Frequency of impulses VY 
in cycles per minute Za 
LOO crate 4 ae aiclqcte tte oroe Cie enone eee L/i25 
BOOS a iactans ops cis suk eae years seer a eee aires 
5,0) 0 eae ee Micon Gin ooco oC and t dao sao 1/225 
(100 ENR RLS one Mt Rs Bea: Swe 1/175 
1 QOO Sriacs ated i Sea Spvicete decrees te on nee ney Re ema a eee Ty As) 


The value of A:/A; depends upon the shape of the tan- 
gential effort diagram, being the ratio of certain areas 
(see figure 1), and so varies widely for different engines. 
The following table gives approximate values for single 
acting oil engines: 


= 


Ao 
Number of Ai 
Cylinders 2 Cycle 4 Cycle 
Disss lain ost 5, atellota loustared oRetetees ole reste cei crcce rene tere 1:3 
PSSA ROCIO Ou, CO DCH SR OM MOS HIE Rome O:40. otaia cues oekaetees 1.4 
Dna OInER accor onic > Deena ricinus ona 0.19 eee skiers eras oe 0.45 
F SOO OL ROO GD O Hao. Oe OR Oecd ace Rome ee resets Cees Sa 0.20 
Dsiacsrevoverdeace  oreseittetate tournetetse teas ysr szereearete recente OO 7biac cote otteeer atte 0.14 
Giste's sieloislien:fehetetete Cleve tencrshaneteatiey. tc eeiaiets ieee ae O05 62875 te cates. ee eee 0.10 


The second condition is that the flywheel must be suit- 
able for satisfactory parallel operation of the unit with a 
very large system. This limitation can best be expressed | 
in terms of the quantity C, which is the same as the ‘“‘com- 
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pressor factor’’ as standardized by the National Electrical 
Manufacturer’s Association. The expression for WR? in 
terms of C is: 


2 184 PFC 
(rpm \4 (3) 
(= 


The limiting values of C can be determined from the tan- 
gential effort diagram of the engine as follows: Calculate 
the CY (Y = power pulsation of generator) curve by first 
assuming a reasonable unbalance between cylinders. 
Since the operation of internal combustion engines is 
somewhat irregular the amount of unbalance is largely a 
matter of judgment and hence the CY curves cannot be 
calculated with the same accuracy as, for instance, com- 
pressor curves are calculated. For this reason and also 
because the flywheels are relatively large (which results 
in the effect of damping being relatively small) the damp- 
ing can usually be neglected entirely. This results in a 
considerable simplification of the equations as follows: 
_ For a 2-cycle engine 


WR 


so > 9.25 
(i100 = ee Se 
ar Yn O05 — mac sia (nwt + dn) 


and for a 4-cycle engine 


P = 100 + > om > sin (nwt + dp) 

Then after having analyzed the tangential effort curve 
and determined the coefficients in the Fourier series 
representing the same, the procedure is to select a value 
of C and calculate the curve of P from # = 0 tot = 27, i.e., 
over one power cycle which will be one revolution for a 
2-cycle engine or 2 revolutions for a 4-cycle engine. Then 
Y will be the maximum difference in the ordinates of this 
curve and the result one point on the CY curve. Repeat 
for different values of C until sufficient points are obtained 
to set limits of C corresponding to the power pulsation 
desired. 

The following are approximate values of C based upon 
66 per cent power pulsation and 10 per cent unbalance, for 
oil engines: 


——— 


Cc 
Number of 2-Cycle ; 4-Cycle 
Cylinders Single-Acting Single-Acting 
MA ercecle Siaisiers Piese severe Zinale Ave WOO OPO ET vires nas 210s, oie o's 500 or over 
0 ak ai PSOE CIOS ICR ere ans PMOL OVELL a paleinic sis 643+ 150 or over 
BE, | OSG BAlc ha MIC POS FORO EB OL OVET ao odie ose elvie sie 75 or over 
Ae oraherteiele e suns i'are “4 $5 to4.50r 14 Of Over....ccc0esees 60 or over 
ele cei ateifae ws € “<lale 3.3 to 5.0 or 13.5 oF Over... .. 2+ -e8seae 57 or over 
Gi ae Se Se a ORCI 3.0 to 6.0 or 12.5 or over........+es00% 55 or over 


The above values must not however be considered as 
final since as mentioned above they cannot be calculated 
with as much precision as would be desirable. Also the 
permissible values depend upon the maintenance of the 
engine. Hence the limits will have to be determined 
ultimately by experience, and so the above table must 
be considered as empirical and subject to some variation. 


2. For all numbered references, see list at end of paper. 
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The third condition is that the flywheel must be suitable 
for parallel operation of the unit with certain particular 
units whose characteristics are known. A simple method 
of checking this after the other conditions are satisfied is 
to compute the natural frequency F of each of the units 
with an infinite system using the AIEE formula: 


Rae 35,200 ‘Fi 
rpm 


WR? 


Then if these natural frequencies are all well below the 
lowest forced frequency, say 20 per cent below, the 
operation will be satisfactory. This is because the com- 
bined natural frequencies of any combination of units is 
always between the natural frequencies of the individual 
units on an infinite system. However if the lowest 
forced frequency of one of the units is below the natural 
frequency of another unit, the combined natural frequen- 
cies of all combinations should be calculated and care 
taken to see that none of the forced and natural fre- 
quencies are dangerously close to each other. 

The expression for combined natural frequency! of 2 


units is 
2 2 
+ 38,200. | pg LF com es 
1-2) == —. Xx rpms, WR? 
Tpmy, WR? P 
14+— 
de 


and in the case of 3 units, the expression is 


N: 
F\-2 ands = 9.55 me Na bee 
2N; 2N, M, 


where 
Veg 
c, = 4.22 X 105 nif 
(rpm)? 
PrP PP rs 
= EY | <a ee 
‘ aioe ms (oer (rpm )2(rpms)? WR3? 
PrPrPrs 
a Nerd | pee ml ea ATE AS Ae 
e 7.85 X of eee recat WR? WR3? 
my \? rpms; \? 
MN -ata(2 ; +a/ ) 
rpm, rpm, 
rpm: 2 Tpms3 a 
Nz = a, + dh + ds 
rpm, rpm, 
rpm, \? rpm; \? 
N3 = 4 + & (=) + 63 (2) 


Subscripts 1, 2, and 3 refer to units 1, 2, and 3 respec- 
tively. 

For @, dz, and e interchange subscripts 1 and 2 in expressions for 
C1, d,, and e, respectively. 


For ¢;, ds, and e; interchange subscripts 1 and 3 in expressions for 
a, d,, and @, respectively. 


It is sometimes assumed that parallel operation is 
always a more severe condition than operating alone and 
that if the flywheel is satisfactory from the former stand- 
point it will also be satisfactory from the latter. A few 
trials using equations 2 and 3 will show the fallacy of this, 
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A2= MAXIMUM ALGEBRAIC SUM OF AREAS 
ABOVE AND BELOW MEAN 


N UY 


LLI> 
YEG) ae 


ix—— ONE REVOLUTION ———->4 
A\= AREA BELOW MEAN FOR ONE REVOLUTION 


Figure 1. Tangential effort diagram 


since sometimes it is one and sometimes the other which 
requires the greater flywheel effect. It is interesting to 
note that according to equation 1 the flywheel effect 
varies inversely as the square of the speed, according to 
equation 2 inversely as the cube of the speed, and according 
to equation 3 inversely as the fourth power of the speed. 
Hence the limiting feature depends to a considerable ex- 
tent upon the speed of the unit. Also from equation 3 
it is seen that the flywheel effect necessary on account of 
parallel operation varies directly with the frequency of 
the system. Hence parallel operation is relatively less 
important, and operation alone (which means irregularity 
factor) more important on 25 cycles than on 60 cycles. 


Appendix |. Symbols 


WR? = flywheel effect of unit in (pound-feet)? (i.e., pounds weight 
multiplied by the radius of gyration in feet squared) 
kw = rated output of the unit in kilowatts 


T; = time in seconds required by the unit when operating at full 
load to develop energy equal to the kinetic energy of the 
rotor at full speed. This is equal to the commonly accepted 
inertia constant H divided by rated power factor 

= rated speed in revolutions per minute 


rpm 

1 ; : . mest 

— = irregularity factor = ratio of maximum variation in speed 

Z during a power cycle to normal speed 

A, = area in tangential effort diagram below mean for one revo- 
lution 

A, = maximum algebraic sum of small areas in tangential effort 


diagram above and below mean (see figure 1) 

1p = synchronizing power in kilowatts per electrical radian as 
defined in AIFE rules 

ye = frequency of system in cycles per second 

Cc 

F 


; rpm \? 

= engine factor = 9.25 F 

= frequency of oscillation of unit on an infinite system in 
cycles per minute 


y = 100 + Dy, sine (nwt + ¢,) = Fourier analysis of tangential 
effort curve, in which 

n = order of harmonic 

Mir = amplitude of nth harmonic expressed as a percentage of 
rated output of unit 

Wy = 0.1045 n rpm for 2-cycle engines, or 
0.05225 n rpm for 4-cycle engines 

i = time in seconds 

gn = phase angle of nth harmonic 

Ip) = power output of generator expressed as a percentage of the 
rating 

V/ = power pulsation of generator expressed as a percentage of 


the rating in kilowatts 
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Coupling Between Parallel Earth-Return Circuits 
Under D-C Transient Conditions 


By K. E. GOULD 


| Introduction 


railway electrifications, the induced voltages recorded 

in paralleling communication circuits at times of short 
. circuit on the railway have shown marked divergences 
from values computed on the basis of uniform earth re- 
sistivity and a rate of change of earth current determined 
from measurements in trolley and rail circuits. Due to 
the numerous factors which might contribute to these di- 
vergences, such as nonuniform division of transient current 
along the tracks and associated return conductors, the 
presence of shielding conductors along or near the right- 
of-way, etc., it was felt that a better understanding of the 
problem of induction under d-c transient conditions could 
be obtained by experimental studies of the transient 
coupling between parallel earth-return circuits, free from 
the effects of shielding conductors, and with concentrated, 
rather than distributed, grounds. The study described 
in this paper was undertaken for this purpose. 

The locations for the tests were selected to provide a 
reasonably large range of earth resistivity; also, at one 
location it was known that the earth structure departed 
substantially from uniformity. At each of these locations 
d-c transient coupling tests were performed in which 
transient currents, approximately of the form encountered 
during faults on d-c railway electrifications, were produced 
in an earth-return circuit, herein referred to as the primary, 
and measurements were made of the resultant voltages 
in earth-return circuits, herein called secondary circuits, 
parallel to and at separations from the primary circuit of 
from 50 or 60 to 2,000 feet. In addition to the d-c tran- 
sient tests, measurements were made at each location of the 
steady state a-c coupling, in magnitude and phase angle, 
over a range of frequencies from 20 or 30 cycles to 3,200 
cycles. From these a-c measurements the transient 
voltages were computed for a number of cases by evalua- 
ting the Fourier integral. The results of the a-c coupling 
tests were useful also in helping to explain, in a general 
way, the departures of the measured transient voltages 
from the voltages computed for uniform earth re- 
sistivity. 

The measured transient voltages and voltages com- 
puted (1) from the a-c coupling measurements and (2) on 
the basis of a uniform earth resistivity, are shown for 


i. TESTS conducted in connection with several d-c 
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several representative cases in figures accompanying the 
paper. 


Test Conditions 


Three sets of tests were performed, near Savannah, Ga., 
Macon, Ga., and Jennings, La., respectively. The pri- 
mary circuit was nearly straight in each case and was in- 
stalled along a telephone line. The length of the primary 
circuit was 5.65 miles, 9.3 miles, and 4.7 miles at the re- 
spective locations, these lengths being great enough that 
end effects were not large even under the d-c transient 
conditions. The secondary circuits, 4,200 feet in length, 
were laid out parallel to and near the middle of the primary 
circuit, and at radial separations therefrom of 50 feet 
(Macon) or 60 feet (Savannah and Jennings), 200 feet, 
500 feet, 1,000 feet, and 2,000 feet. 

By means of a 500-volt gasoline-engine-driven d-c 
generator, and with the use of an air-core choke with taps 
giving inductances of roughly 1, °/4, 1/2, or 1/4 henry, it 
was possible to produce primary currents approximately 
of the form 7(1—e “™), with a from about 40 to 110 for ¢in 
seconds, and with J somewhat less than 10 amperes. Con- 
ductors were brought in from each secondary so that the 
voltages produced in the secondaries under transient con- 
ditions could be recorded by a movie-type oscillograph, 
on 70-millimeter film moving at a speed of approximately 
7 feet per second. Direct-coupled amplifiers were used 
to obtain the requisite sensitivity for the oscillograph, the 
over-all response of the measuring equipment being nearly 
constant for frequencies from zero to 4,000 cycles. The 
rate of change of primary current was recorded, simul- 
taneously with the secondary voltages, by means of a 
search coil external to and coaxial with the primary choke. 

For the a-c coupling tests a power amplifier driven by 
a variable frequency oscillator was used to energize the 
primary circuit and the voltages produced in the secondary 
circuits were measured with an a-c potentiometer, so that 
both components of the coupling could be determined. 
The continuity of the telephone conductors on the pole 
line carrying the primary circuit was interrupted during 
both the d-c transient tests and the measurements of a-c 
coupling to eliminate any possible shielding effects from 
these conductors. 


Typical Results 


In figures 1 to 6, inclusive, are shown curves selected 
from the large amount of data collected as typical of the 
results of this study. The cases chosen for these illus- 
trations are those in which the time constant of the pri- 
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Figure 1. Savannah  tests—60-foot 

separation; rate of change of primary 

current approximately 440¢ 4%, am- 
peres per second 

Curve A—Measured voltage 


Curve B—Computed voltage for uniform earth 
resistivity of 100 meter-ohms 
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Figure 2. Savannah tests—2,000-foot 

separation; rate of change of primary 

current approximately 440e **, am- 
peres per second 


Curve A—Measured voltage 
Curve B—Computed voltage for uniform earth 
resistivity of 100 meter-ohms 
Curve C—Computed voltage from a-c cou- 
pling measurements 
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Figure 3. Macon tests—50-foot sepa- 
ration; rate of change of primary current 


approximately 490e °, amperes per 
second 


Curve A—Measured voltage 

Curve B—Computed voltage for uniform earth 
resistivity of 500 meter-ohms 

Curve C—Computed voltage as for curve B, 

but with ground potentials corresponding to 


mary circuit was most nearly representative for d-c rail- 
way electrifications, being about !/46, 1/s0, and 1/15 second 
for the respective locations. The closest and widest sepa- 
rations were chosen for examples, and although the ex- 
amples of the transient voltages computed from the a-c 
coupling measurements are thus limited to the cases of 
the 2,000-foot separation alone, the value of the illustra- 
tions is not significantly impaired thereby. As explained 
in a later section of the paper, it was not possible to com- 
pute the transient voltages for the closest separation from 
the a-c coupling measurements. Figures 1 to 6 illustrate 
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resistivity of 1,500 meter-ohms 


the fact that with transient earth currents of the type con- 
sidered here, the induced voltages not only decrease with 
increased separation, as in the steady-state a-c case, but 
also attain their maximum values later. 

Figure 1 shows the measured transient voltage for the 
60-foot separation in the Savannah tests and the computed 
voltage for a uniform earth resistivity of 100 meter-ohms, 
using the measured rate of change of primary current. 
This value of earth resistivity, chosen on the basis of the 
measured a-c coupling, was found to be about the best 
one as regards over-all agreement between the measured 
transient voltages and voltages computed on the basis of 
uniform earth resistivity. 

Figure 2, for the 2,000-foot separation in the Savannah 
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Figure 4. Macon tests—2,000-foot 
separation; rate of change of primary 


current approximately 490e ° am- Ve ere Eee) ee ae 
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Figure 6. Jennings tests—2,000-foot 
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Curve A—Measured voltage 

Curve B—Computed voltage for uniform earth 
resistivity of 500 meter-ohms 

Curve C—Computed voltage as for curve B, 

but with ground potentials corresponding to 
resistivity of 1,500 meter-ohms 

Curve D—Computed voltage from a-c coupling 

measurements 
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Figure 5. Jennings tests—60-foot sepa- 
ration; rate of change of primary current 


approximately 535e 4°! amperes per 
second 


Curve A—Measured voltage 
Curve B—Computed voltage for uniform earth 
resistivity of 10 meter-ohms 
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separation; rate of change of primary 
current approximately 535e 4 am- 
peres per second 


Curve A—Measured voltage 
Curve B—Computed voltage for uniform earth 
resistivity of 10 meter-ohms 
Curve C—Computed voltage from a-c coupl- 
ing measurements 
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Savannah tests; ratio of 
measured quadrature coupling to quad- 
rature coupling for uniform earth resis- 
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Figure 9, Savannah tests; ratio of 

measured in-phase coupling to in- 

phase coupling for uniform earth resis- 
tivity of 100 meter-ohms 


tivity of 100 meter-ohms 


; 


tests, is similar to figure 1, except that the computed 
voltage from the a-c coupling measurements, using the 
measured rate of change of primary current, has been 
plotted also. 

Figure 3, for the 50-foot separation in the Macon tests, 
is similar to figure 1, except that 2 computed curves are 
shown, one for a uniform earth resistivity of 500 meter- 
ohms, about the best single value which could be chosen, 
and the other for the same resistivity but with the ground 
potentials taken as corresponding to a resistivity of 1,500 


meter-ohms. This was found to result in a fairly good 
1000 - 
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approximation for the substantial increase observed in the 
effective earth resistivity at the low frequencies. 

Figure 4, for the 2,000-foot separation in the Macon 
tests, is similar to figure 2, except that computed curves 
are shown for the 2 conditions represented in figure 3. 
Figures 3 and 4 illustrate the fact that ground potentials 
were of greater relative importance at the wider separa- 
tions. 

Figure 5, for the 60-foot separation in the Jennings 
tests, is similar to figure 1, except that an earth resistivity 
of 10 meter-ohms was used for the computed voltage. 
Figure 6, for the 2,000-foot separation, is similar to figure 
2, except for the change noted in the uniform resistivity 
used. 


Methods Used in Computing Transient Voltages 


Two methods were used in computing the transient 
voltages for uniform earth resistivity, one a rigorous 
method, theotheranapproximateand simpler method giving 
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sufficiently accurate results for the cases involved here. 
In the simpler method, which was used to obtain the 
curves in figures 1 to 6 for uniform earth resistivity, the 
transient voltage was computed for a primary circuit in- 
finite in length, and to this voltage was added a term equal 
to the product of the primary current and the d-c mutual 
resistance, for uniform earth resistivity, of the actual 
primary and secondary circuits. For the case of an in- 
finite length of primary circuit, the simple formal expres- 
sion for A(t), the voltage produced in the secondary 
circuit by unit step current (0 for ¢ < 0, one ampere for 
t > 0) in the primary circuit, is given by! 


104 p SRP ONO ee 
h(t) = 9 6x2 E — exp ol volts per kilofoot 


pt 
where 
p = earth resistivity, meter-ohms 
x = separation, feet 


t time, seconds 


and thus a great part of the labor involved in exact com- 
putations for circuits of finite length is avoided. 

A rigorous solution for h(t), for circuits of finite length 
and with uniform earth resistivity, is available,? h(t) so 
computed being but little different, in the present cases, 
from h(t) for a primary circuit of infinite length, and only 
for large values of (#). However, for the rigorous method, 
it appeared easier to compute h/(#) for the finite circuits in- 
volved by plotting the in-phase component, a(w), of the 
coupling from curves based on the mutual impedance 
formulas,! in the form a(w)/w and evaluating the Fourier 
integral* numerically, since previous computations made 
this process a simple one. 

The voltage V(t) produced in a secondary circuit by a 
primary current I(#), the rate of change of which is J’(¢), 
is given by one form of the extension theorem® as 


t 


VG) = i h(t — r)I'(A)dd 


0 
From this formula, using the measured rate of change of 
primary current, the transient voltage was computed for 
uniform earth resistivity. 


J. For all numbered references, see list at end of paper. 
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Figure 11. Macon tests; ratio of 

measured quadrature coupling to quad- 

rature coupling for uniform earth resis- 
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Figure 13. Jennings tests; effective 
earth resistivity corresponding to meas- 
ured quadrature coupling 


In computing the transient voltages from the in-phase 
and quadrature components, a(w) and b(w), of the meas- 
ured a-c coupling, a(w)/w and b(w)/w were plotted from 
the experimental data and the Fourier integral* 
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was evaluated numerically. The measured coupling was 
extrapolated to » = 0 on the assumption of the uniform 
resistivity used in computing the transient voltages. For 
the closest separation these computations could not be 
made with any significant degree of accuracy, largely be- 
cause b(w)/w did not converge with sufficient rapidity 
toward zero with increasing w, but for the other separa- 
tions h(t) could be computed with satisfactory accuracy 
from }(w) for small values of ¢ and from a(w) for larger 
values of ¢, up to about 10 milliseconds. The results from 
a(w) and from b(w) agreed within perhaps 10 per cent or 
less over a considerable range of ¢, thus providing a fairly 
conclusive check of the computations. For values of f 
from 10 milliseconds to 30 milliseconds, the upper limit it 
seemed advisable to adopt, it was assumed that [h(¢) — 
a(0)] varied inversely with ¢. When end effects are neg- 
ligible and the earth homogeneous, this relation is true 
for large values of ¢ and apparently represented a suffi- 
ciently accurate approximation here. The extension 
theorem was applied, as for the case of uniform resistivity, 
to obtain the transient voltages corresponding to the meas- 
ured rate of change of primary current. 


Correlation of Results 
With Measured A-C Coupling 


Figure 7 shows, for each separation in the Savannah 
tests, and as a function of the frequency, the effective 
earth resistivity corresponding to the quadrature com- 
ponent of the measured a-c coupling, that is, the value of 
uniform earth resistivity for which the quadrature com- 
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ponent of the coupling, as determined from formulas for 
mutual impedance of grounded circuits of finite lengths,’ 
would be equal to the measured quadrature coupling. 
The quadrature component was used in this connection 
because the effective earth resistivity could be determined 
more satisfactorily from it than from the in-phase com- 
ponent, although even from the quadrature component the 
effective resistivity could be determined satisfactorily only 
for the ranges of separation and frequency for which the 
resistivity is plotted in figure 7. 

Figures 8 and 9 have been prepared to show the coupling 
data from the Savannah tests in a convenient form for 
correlating the behavior of the transient voltages with the 
behavior of the a-c coupling. Figure 8 shows the ratio 
of the measured quadrature coupling to the quadrature 
coupling corresponding to a uniform earth resistivity of 100 
meter-ohms. Figure 9 shows the corresponding ratio for 
the in-phase coupling. The fact that the computed transient 
voltage for a resistivity of 100 meter-ohms was smaller than 
the measured voltage in the case of the 60-foot separation 
seems reasonable in view of the curves of figures 8 and 9 
for this separation, since the ratios in this case are generally 
greater than unity, more than offsetting the smaller 
quadrature ratio at the higher frequencies. That the com- 
puted voltage for a resistivity of 100 meter-ohms was larger 
than the measured voltage in the case of the 2,000-foot 
separation is in accord with the fact that the ratios in 
figures 8 and 9 for this separation are considerably less 
than unity for the entire frequency range. 

Figures 10, 11, and 12, for the Macon tests, are similar 
to figures 7, 8, and 9, respectively. Here the principal 
condition, illustrated in figures 3 and 4, to be correlated 
with the measured a-c coupling is that, for both separa- 
tions, the computed voltages for a resistivity of 500 meter- 
ohms were greater than the measured voltages at small 
values of time and smaller at large values of time. The 
computations involving the Fourier integral showed clearly 
that at small values of time the transient voltages are 
closely related to the quadrature coupling at the higher 
frequencies, especially if the earth resistivity is not too 
low, whereas at large values of time the in-phase coupling 
at low frequencies is of most significance in predicting 
the transient voltages. Thus the above mentioned con- 
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dition regarding computed and measured voltages is seen 
_to be consistent with the curves of figures 11 and 12. 
The high ratios shown in figure 12 for the low frequencies 
tend to substantiate the pragmatic approximation of 
taking the ground potentials to correspond to an earth 
resistivity of 1,500 meter-ohms. 
_ Figures 18, 14, and 15, from the Jennings tests, are 
. similar to figures 7, 8, and 9, respectively. On the basis of 
; figure 13, it would appear that the best single earth resis- 
_ tivity to use in computing the transient voltages would 
be some 25 meter-ohms. However, as the computations 
involving the Fourier integral showed, the in-phase cou- 
; pling at the low frequencies is of principal significance with 
_Tegard to the maximum values of the transient voltages at 
wide separations, especially where the earth resistivity is 
as low as that indicated here, and an earth resistivity of 
10 meter-ohms is seen, from figure 15, to be more nearly 
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consistent with this criterion. A resistivity of 10 meter- 
ohms was found to result in about as good an over-all 
agreement as could be obtained between the measured 
voltages and voltages computed on the basis of uniform 
earth resistivity. 

As illustrated in figures 5 and 6, the use of an earth 
resistivity of 10 meter-ohms results in a maximum value 
for the computed voltage smaller than the maximum value 
of the measured voltage at the closest separation and 
greater than the maximum value of the measured voltage 
at the widest separation. Moreover, the computed 
voltages increased more slowly than the measured voltages, 
subsequent to the beginning of the transient, attained 
their maximum values later, and decreased more slowly at 
large values of time. These conditions are consistent with 
the curves of figures 14 and 15, since (1) for the close 
separations the transient voltages at small values of time 
can be predicted only from the measured quadrature 
coupling at the higher frequencies, whereas at large values 
of time the in-phase coupling at the lower frequencies is of 
most significance and (2) for the wide separations the 
transient voltages are related closely to the behavior of 
the measured in-phase coupling at low frequencies. 

The computed voltages for the 2,000-foot separation, 
based on the measured a-c coupling, will be seen from 
figures 2, 4, and 6 to agree quite satisfactorily with the 
measured voltages and, although in some cases the agree- 
ment was not quite as good as that shown by these ex- 
amples, it was found that in cases where the nonhomo- 
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geneity of the earth caused the transient voltages to de- 
part considerably from the voltages which would have 
occurred with uniform earth resistivity, the computed 
voltages from the a-c coupling measurements took the 
effects of such nonhomogeneity into account fairly ac- 
curately. 


Summary 


Widely different types of earth structure were indicated 
by the a-c coupling measurements at the 3 locations where 
these tests were performed, and by the behavior of the 
transient induced voltages. The departures of the meas- 
ured transient voltages from the values which would have 
occurred with a uniform earth resistivity could generally 
be correlated satisfactorily with the measured a-c coupling. 

At Savannah, Ga., a value of 100 meter-ohms was found 
to give about the best over-all agreement between the 
measured transient voltages and the voltages computed 
on the basis of uniform earth resistivity, this value being 
a reasonable one to choose from the standpoint of the 
measured a-c coupling. The voltages computed for this 
uniform resistivity were considerably lower than the 
measured voltages at the closest separation and, with 
increasing separation, the computed voltages gradually 
increased in comparison with the measured voltages, until 
at the widest separation they were substantially higher 
than the latter. 

At Macon, Ga., the earth structure was apparently 
highly irregular, but with a reasonable value of uniform 
earth resistivity, 500 meter-ohms, as indicated by the 
a-c coupling measurements, the maximum values of the 
computed transient voltages agreed roughly with the 
maximum values of the measured voltages. However, 
these computed voltages increased more rapidly than did 
the measured voltages, subsequent to the beginning of the 
transient, and decreased more rapidly after the maximum 
values were attained. It was found that the approxima- 
tion of taking the ground potentials to correspond to a 
resistivity of 1,500 meter-ohms improved the agreement 
between these computed voltages and the measured volt- 
ages. This constituted a crude way of taking into account 
the large in-phase coupling measured at the low fre- 
quencies. 

At Jennings, La., the departures of the earth structure 
from homogeneity affected seriously the transient induced 
voltages, and careful examination of both components 
of the measured coupling was required to arrive at the 
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value of earth resistivity, 10 meter-ohms, to give the best 
over-all agreement between the measured transient volt- 
ages and the voltages computed on the basis of uniform 
earth resistivity. Although the measured voltages and 
computed voltages for a resistivity of 10 meter-ohms were 
fairly well in accord as regarded maximum values, the 
wave shapes were considerably different. The computed 
voltages increased more slowly, subsequent to the begin- 
ning of the transient, than did the measured voltages, and 
decreased more slowly after the maximum values were at- 
tained. 

The transient voltages computed from the measured 
a-c coupling were in satisfactory agreement with the 
measured voltages, indicating that in this method of 


computing transient voltages the effects of nonhomogenei- | 
ties of the earth were taken into account where such effects 
were of importance. 
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Nuclear Physics Chart 


Picture Probable Approximate 
Name Representation Composition Charge Mass Remarks 
Neutrino * 63) Unknown Zero 1/2000 Unit Undiscovered but theoretically necessary for 
’ conservation of mass energy in many 
nuclear transformations. 
Electron © Elementary 1 Unit Neg. 1/2000 Unit Carrier of electricity in wire conduction and 
vacuum tubes. 
Positron ** ® Elementary 1 Unit Pos. 1/2000Unit Discovered recently. Very unstable. Probably 
unites with electron and both disappear. ** 
Particle ejected during breakdown of a 
large number of artificially prepared radio- 
active substances. 
Proton +) Elementary 1 Unit Pos. 1 Unit Ordinary hydrogen nucleus or ionized hydro- 
gen atom. 
Neutron &) Proton Zero 1 Unit Discovered recently. Electron and proton are 
Electron closely bound so there is no external 
electric charge. This enables it to pene- 
trate matter easily until it unties with a 
nucleus forming an isotope usually radio- 
2 active. 
euteron Neutron 1 Unit Pos. 2 Unit i 
Heavy Hydrogen Psion 9 nits Discovered recently. 
Nucleus 
Diplon 
Gi ff i di di ivity. 
Alpha Particle ge 2 Neutrons Dtanits 4: Unie iven off in ordinary radioactivity 
Helium Neucleus (\ 1) 2 Protons 
OK 
; F Electron is separated from proton and loosel 
Protium Proton Zero 1 Unit <P ae Sik Figs y 
Hydrogen Atom 4) Electron pone to it. May be ionized in discharges 
o form proton and free electron. 
Deuterium *** Proton Zero 2 Units Discovered recently. Occurs one part in ten 
Heavy Hydrogen Atom Neutron thousand of ordinary hydrogen. May be 
Diplogen Electron easily ionized to form a deuteron. 
Hydrogen Isotope 
4) 
Helium Atom (e 5) 2 Protons Zero 4 Units Electrons loosely bound. May -be ionized 


2 Neutrons 
2 Electrons 


2 


in discharges to form alpha particles and 
two free electrons. 


1. Compiled by CHarLes M. Lack, Westinghouse Electric and Manufacturing 
Company, and republished by permission from page 33 of Electronics for August 
1937, 

* In certain nuclear transformations it is necessary to postulate the ejection 
of small chargeless particles of 2 varieties or else abandon the laws of conserva- 
tion of mass energy. One of these particles (neutrino) has a variable mass 
usually less than that of the electron and the other_(anti-neutrino) a negative 
mass of the same amount. 


** Modern physics believes mass and energy are different forms of the same 
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thing and under certain conditions can be directly transformed one into the 
other. The mass of an electron, for instance, is equal to the energy of an 
electron or proton after being accelerated through 500 ky When an electron 
and positron combine and disappear, 2 gamma rays are pr ‘ 

’ odu i 
pene p ced by the 500-kv 
*** An isotope of an element is a form of the element havi i 

E é aving the same chemi 
properties but different mass. The chemical Properties of all elements Se 
determined by the number of outer loosely bound electrons. Thus to form an 


isotope it is necessary to increase or decrease the : 
number of neutr 
nucleus, ons in the 


ELECTRICAL ENGINEERING 


s 
‘ 


Carbon Brushes for Steel-Mill Equipment 


By W. C. KALB 


MEMBER AIEE 


By problems associated with brush application on commutating-type 
equipment in the iron and steel industry are discussed in relation to type 
of equipment and conditions encountered in service. 
The paper also discusses a newly defined measure of brush per- 
ormance, termed ‘‘commutation factor,” which provides an improved 
basis for control of the performance characteristics of brushes. 
Mention is made of the development of electrographitic grades having 
mild polishing action, designed to prevent the formation of troublesome 
surface film on commutators exposed to the contaminating atmospheric 
conditions frequently encountered in steel mill applications. 


the iron and steel industry are fundamentally the 

same as those encountered wherever electrical gen- 
erating equipment and motive power are used. How- 
ever, service conditions in this particular industry are in 
some respects more severe than those usually encountered 
and, in certain instances, definitely unique. Discussion 
of the problems of brush application as related to this 
particular industry would therefore seem to be merited. 

For the purpose of this discussion it is convenient to 
divide the types of equipment considered into 3 classes; 
first, industrial-type motors having shunt characteristics; 
second, series-type motors; third, generators and motors 
of large capacity used on mill drives. The application of 
brushes to slip rings will not be discussed since the number 
so used is small in comparison with those used on com- 
mutating equipment and the problems of application es- 
sentially the same as in other fields of service. 

Undercutting of commutator mica has become an al- 
most universal practice in steel mills. This practice re- 
moves the necessity for using brushes possessing decided 
abrasive characteristics. It also constitutes a valid reason 
for avoiding the use of so-called ‘‘self lubricating’ brushes, 
i.e., brushes which have been impregnated with an oil or 
wax to maintain a film of lubrication on the commutator 
surface. The presence of such material tends to fill the 
slots of an undercut commutator with a conducting deposit 
which increases danger of commutator failure. Nearly 
all grades of brushes now manufactured have some graph- 
ite in their composition, either as a component of the 
original mix or imparted later by the process of graphitiza- 
tion. This graphite provides ample lubrication for the 
service conditions under which the brush is ordinarily 
used. 

Industrial type motors of shunt characteristics present 
few serious problems in brush application. Apart from 
greater liability to troubles from conducting or abrasive 
dust and contaminated atmosphere, conditions of service 
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are much the same in steel mills as in other industries. 
Where provision is made to insure cleanliness within the 
motor frame, nonabrasive electrographitic brushes give 
excellent service on this class of equipment. Atmospheric 
contamination of the commutator surface may require 
brushes possessing some cleaning action, the amount de- 
pending on local conditions. Under such conditions car- 
bon-graphite brushes or special graphite brushes having 
a moderate cleaning action are often used. Because of 
variation in the amount of polishing effect required to 
maintain a clean commutator surface, a brush which works 
well on one motor may not give satisfactory performance 
on an identical motor in another part of the same mill. 
It is not advisable to attempt to offset the presence of 
abrasive or conducting dust by brush selection. The only 
sure remedy for troubles arising from this source is to pre- 
vent the dust entering the motor. This is best accom- 
plished by piping clean, outside air to the interior of the 
motor frame. The dust cannot enter against an outward 
current of air from all openings in the frame. 

Series type motors often encounter very severe operating 
conditions in steel-mill service. Some of the principal 
applications for this type of motor are on cranes, open- 
hearth chargers, mill screw-down, side guards, and table 
rolls. Heat and scale dust are almost always present in 
the vicinity of these motors, while oil vapor and other at- 
mospheric contamination adds further complication on 
some applications. Piping in outside air will provide pro- 
tection against heat, dust, and contaminated atmosphere 
for those machines which have a fixed location but this 
protection cannot be given to crane motors or others which 
are carried on moving equipment. In addition to the 
heavy load peaks, normally characteristic of the service 
on which series type motors are applied, the practice of 
“plugging’’ further increases the severity of operating 
conditions. By plugging is meant reversal of the con- 
troller before the motor comes to rest. Designers can 
build motors which will withstand the mechanical stresses 
resulting from this practice but it is impossible to provide 
the electrical compensation necessary to maintain good 
commutating conditions when direction of rotation and 
impressed voltage are reversed from their normal relation- 
ship. Asa result, the burden of controlling commutation 
is thrown almost entirely onto the brushes. 

Electrographitic brushes of the harder grades find ex- 
tensive application on series-type motors in the steel 
mills. Brushes of this type, in general, have good com- 
mutating characteristics and, while not definitely abrasive, 
possess sufficient mass hardness to provide considerable 
cleaning action on the commutator. They are also highly 
resistant to the disintegrating effect of the sparking which 
inevitably occurs when motors are called upon to meet 
such extreme demands. In some instances, however, the 
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Figure 2. Oscillographic 
record of contact drop on 
smooth commutator 


Oscillographic 
record of contact drop on 
commutator with flat spot 


Figure 1. 


mass hardness of the electrographitic brush is not enough 
to overcome the burning of the commutator surface. The 
use of a carbon-graphite brush, having some abrasive 
action, is then indicated. While this abrasive action does 
result in some commutator wear, selection of a grade with 
the correct degree of abrasiveness will result in less com- 
mutator depreciation and lower maintenance expense than 
will be experienced if burned bars and flat spots are allowed 
to develop on the commutator. The latter condition may 
necessitate shutting down the mill for removal of the arma- 
ture, an expense item of considerable moment. It may 
also result in more rapid loss of commutator capacity from 
returning than would be experienced from wear under a 
set of properly selected abrasive brushes. 

The generators and large capacity motors used on mod- 
ern steel mill drives constitute the third class of equip- 
ment on which brush application is considered in this 
discussion. Brushes of relatively high carrying capacity 
are required for this service since the motors are sometimes 
loaded almost to the stalling point and the current density 
in the brushes on both the motor and the generator rises 
to a very high value. In view of the sudden and extreme 
fluctuations of current resulting from the load conditions 
encountered it is also essential that brushes having ex- 
ceptionally good commutating characteristics be applied. 
These requirements have led to the almost universal adop- 
tion of electrographitic brushes for motors as well as 
generators in this field of application. 

Due to the industrial importance of heavy-duty electric 
drives in the steel mills and the fact that the demands 
there made upon the brushes are among the most severe 
encountered in heavy duty d-c power service, a thorough 
investigation of the brush requirements for this class of 
equipment has been carried on over the past few years. 
As a first step in this investigation, thousands of brush 
samples were obtained from service, together with ac- 
curate records of performance. Wherever possible these 
brushes were obtained in complete sets, with each brush 
identified as to polarity and location on the machine. A 
large proportion of these samples were taken from heavy 
duty steel mill drives, although brushes were also obtained 
from other heavy duty applications. Investigation was 
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concentrated on brushes of the electrographitic type be- 
cause of their predominance in this class of service. These 
brushes were then carefully studied in order to isolate 
some property common to those having good performance ~ 
records and lacking in those which had failed in service. 

It has long been recognized that the tests commonly 
applied to brush materials are not closely enough identi- 
fied with the performance characteristics of the brush to 
provide a reliable basis for control. The tests referred to 
are specific resistance (electrical resistance per unit cube) 
hardness (as measured: by the Schore scleroscope or other 
means):and apparent density (weight per unit of volume). 
These tests are simple to make and, since they do not de- 
stroy or impair the stock, they can be applied to each block 
of brush material. Unfortunately, however, they do not: 
possess a well-defined relationship to the commutating 
properties of the brush. Contact drop and coefficient of 
friction are properties closely related to brush performance 
but tests of these characteristics require a great deal of 
time and it is impracticable to apply them to each block of 
brush material. Furthermore, the results obtained are 
influenced to a large extent by factors independent of the 
brush itself which affect the surface of the ring or com- 
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Figure 3. Wear on brushes manufactured under customary 
basis of control, after 1,615 hours 
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mutator on which the test is being made.! Time, tem- 
perature, humidity, and atmospheric contamination are 
some of the factors which may influence the results ob- 
tained from tests of these properties. Brush manufac- 
turers, as a class, have tried to control the performance 
characteristics of brushes by holding specific resistance, 
hardness, and apparent density within close limits but 
this plan has not been successful. Frequently 2 brushes 
which are almost identical in respect to these 3 properties 
will show entirely different performance characteristics. 

It is a well-known fact that one requisite to good brush 
performance is the maintenance of intimate contact be- 
tween brush and commutator. Slight irregularities in 
commutator surface tend to impair this intimacy of con- 
tact thus causing sparking and resultant damage to com- 
mutator surface. Figure 1 is traced from an oscillo- 
graphic record of the contact drop between a brush and a 
commutator on which a slight flat spot had developed. 
Figure 2 is a similar record from the same brush and com- 
mutator after the flat spot had been removed. Of course, 
the condition illustrated in figure 1 was accompanied by 
considerable sparking but no sparking occurred after re- 
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moval of the flat spot. It is known that irregularities in 
commutator surface as small as 0.0001 inch may seriously 


impair intimacy of contact with some grades of brushes 


while other grades are capable of maintaining firm contact 
in the presence of surface irregularities of considerably 
greater magnitude. In the study of this problem it soon 
became evident that commutating performance is closely 
associated with the ability of a brush to ride smoothly on 
the commutator and that property, in turn, with the 
elastic or, conversely, the shock absorbing properties 
of the brush. 

A means was found to measure the shock-absorbing 
capacity of a brush and, as established by subsequent 
service tests, this also proved to be a measure of commu- 


_ tating performance. The test applied is essentially a meas- 


vw 


_ ure of the elastic properties of the brush material. 


It dis- 
closed that brushes having exceptionally good commu- 
tating properties possess a certain degree of elasticity 
while brushes less satisfactory in commutation show a dif- 
ferent degree of elasticity. The characteristic so meas- 
ured has been termed ‘‘commutation factor,” indicating 
its close relationship to commutating performance. For 
practical purposes arbitrary numbers are assigned to indi- 
cate various commutation factors or differing degrees of 
elasticity. The test for this characteristic can be made 
quickly and does not injure the sample tested. It there- 
fore affords an excellent basis for inspection, applicable 
to every block of brush material passing through pro- 
duction. 

A practicable measure of brush performance having 
been found, methods were developed for the accurate con- 
trol of materials and processes of production so that the 
required commutation factor can be imparted in accurately 
controlled degree to the finished product. By the methods 
developed it is possible to produce a series of several grades, 
similar in general characteristics but each having a different 
and sharply defined performance characteristic in respect 
to commutation. 

This newly defined characteristic serves, not only as a 
measure of commutating performance, but also asa basis for 
obtaining improved uniformity in performance by making 
possible close control of one of the most important physical 
properties affecting performance. This is an accomplish- 
ment of major importance on applications as exacting as 
heavy-duty steel-mill drives. The superiority of control 
methods based on the use of ‘“commutation factor’ as the 
controlling property over methods designed to control 
resistance, hardness, and density, is shown by figures 3 and 
4. Figure 3 shows the variation in wear among the 
brushes from 4 studs of a large synchronous converter 
after 1,615 hours of service. These brushes were of a 
well-known electrographitic grade and were all within 
close limits of tolerance in respect to resistance, hardness, 
and density. They did not, however, show corresponding 
uniformity when the test for commutation factor was ap- 
plied. The brushes represented by figure 4 were manu- 
factured under the commutation factor basis of control. 
They were placed on the same synchronous converter 
immediately after removal of the brushes represented by 
figure 3 and the record of wear was taken from the same 4 
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studs after 3,082 hours of service. The improvement in 
commutating performance was as marked as the improve- 
ment in uniformity of brush life which these charts indi- 
cate. A large number of carefully observed service tests 
confirm the evidence here presented that commutation 
factor is a dependable measure of brush performance and 
provides a reliable basis for production control. 
This extensive comparison of brush performance and 
related physical properties also disclosed a reciprocal re- 
lationship between commutation factor and resistance to 
mechanical wear. Under mild commutating conditions, 
where electrical wear at the brush face is slight, a brush 
with comparatively low commutation factor will, as a 
rule, give longer life than one having high commutation 
factor. On the other hand, under severe commutating 
conditions the electrical wear of the brush with lower com- 
mutation factor may be so much more than that of one 
with high commutation factor that the latter will be 
superior in life as well as in commutating performance. 
Atmospheric contamination is perhaps a greater source 
of difficulty on heavy-duty mill drive equipment than it 
is on the smaller series and industrial-type motors to which 
reference has been made in earlier paragraphs. In some 
mills elaborate air conditioning apparatus has been in- 
stalled to remove acid fumes, oil vapor, and gaseous con- 
tamination which might cause the development of trouble- 
some surface film on the commutators of mill-drive gen- 
erators and motors. Most electrographitic brush grades 
are so free from all abrasive properties that they are in- 
capable of polishing off the surface film resulting from 
contamination of the surrounding air. As a result, on 
some installations it is frequently necessary to resurface 
the commutators, an operation which may require shutting 
down the mill for an appreciable period of time. Natur- 
ally, this involves considerable expense and, if of fre- 
quent occurrence, may be a source of serious depreciation 
in commutator capacity. To better meet the needs of 
such operating conditions there has recently been de- 
veloped a series of electrographitic grades possessing a 
mild polishing action. These have been tried out on a 
number of mill-drive installations and have proved capable 
of maintaining a clean, well-polished surface on many com- 
mutators previously troubled by film deposition when 
entirely nonabrasive brushes were used. The abrasive 
effect of these brushes is not great enough to be a source of 
appreciable commutator wear so that commutator de- 


ORIGINAL LENGTH 


INCHES 
LENGTH AFTER 
3082 HOURS 


Figure 4. Wear on brushes manufactured under ‘‘commuta- 
tion factor’ basis of control, after 3,082 hours 
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preciation is less than that resulting from the necessity for 
frequent resurfacing. Furthermore, the liability to ex- 
pensive shut downs and delays is reduced. Because their 
abrasive effect is so slight these brushes cannot be de- 
pended upon to remove existing surface faults such as 
burned bar edges or flat spots. Except for their slight 
polishing action these grades have the same general prop- 
erties as the nonabrasive electrographitic grades and, 
like the latter, are produced with graduated and accurately 
controlled commutation factor. 

Just why commutation factor should be a measure of 
the commutating performance of a brush is a point on 
which there may be diverse opinions. The relationship 
seems to be associated, at least in part, with the greater 
shock absorbing property possessed by a material showing 
high commutation factor and the resulting improvement 
in intimacy of contact when such a brush is subject to the 
impact of slight irregularities on the rapidly moving 
commutator surface. Whatever the explanation of this 
relationship may be, the fact of its existence has been 
demonstrated by service as well as laboratory tests. The 
discovery of this relationship represents another step of 
progress toward the solution of the many perplexing 
problems associated with commutation on equipment 
subject to such exacting conditions of service as are today 
encountered in the iron and steel industry. 
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Large Steel Pipe 
Welded by Improved Methods 


N preparation for completion of the Colorado River 
aqueduct, now scheduled for the winter of 1938-39, 
construction has been. under way for some time on the 
distribution system which the Metropolitan Water District 
of Southern California is building for delivery of aqueduct 
water to member cities. The 242-mile main aqueduct 
from the Colorado River has its western terminus in 
Cajalco reservoir. Some 150 miles of distribution lines 
will be required to convey the water to the 13 cities of the 
District, located on the coastal plain between Cajalco and 
the sea. These distribution lines are the equivalent of a 
major water system in themselves, including a large 
mileage of tunnels, precast concrete pipe up to 12!/2 feet 
in diameter, and steel pipe in diameters up to 111/2 feet. 
Because of the large diameter of the steel line, particular 
interest attaches to methods of fabrication in the shop 
and in welding metal as thick as #!/3. inches under trench 
conditions, that is, where the pipe cannot be rotated 
during the welding process. 

The steel pipe sections are all 33 feet 4 inches in length; 
diameters range from 10 feet 4 inches to 11!/, feet except 
on the bridge across the Santa Ana River where pipe of 
9 feet 8 inches diameter is used. The thickness varies, 
according to the head, from !7/. to */s) inch. Corre- 
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spondingly, the weight ranges from 18 to 28 tons per 
section. 

Shop Welding. Each section is made up of 4 steel 
plates rolled to the proper curve and requiring only a single 
longitudinal weld in each plate to form a cylinder of the 
pipe diameter. The completed section is made up by 
putting together 4 of these cylinders and welding the 3 
circumferential joints. In assembling a section, longi- 
tudinal welds are staggered. Circumferential welds are 
made in a large automatic electric welding machine which 
completes the weld, even in the *!/3.-inch thickness, with a 
single pass. 

Two types of mounting are used for the welding ma- 
chines: For longitudinal seams the welding equipment 
is on a carriage which moves lengthwise of the pipe as the 
weld progresses; a larger machine, used for making the 
circumferential welds, is stationary and the pipe is rotated 
as the weld progresses. Both welding machines operate 
on top of the pipe. 

The adjoining edges of the plates to be welded are 
beveled so the molten metal flows in a V-shaped groove 
filled in advance with a flux. The flux is a silicious mate- 
rial applied in a powdered form resembling ground glass. 
The heat of the electric current, fusing the flux, forms a 
covering over the molten metal closely resembling glass in 
texture and brittleness. This glass-like covering is so 
brittle it is easily broken off with a hammer after the 
weld has cooled. The automatic welding machines work 
at about 40 volts and use a current of 1,100 or 1,200 
amperes. In the longitudinal welds a pair of plates with 
a V groove similar to that in the joint itself are tack 
welded at the end of the joint where welding starts, thus 
affording a few inches for the welding operation to get 
well under way before reaching the joint in the pipe. 
Test coupons, attached at the end of the longitudinal 
weld, are taken every 800 linear feet of weld. All pipes 
with metal thicknesses exceeding °/s inch are annealed, 
after welding, at temperatures of 1,100 degrees Fahrenheit 
after which they are cooled slowly. 

Welding Field Joints. When a joint is fully entered 
ready for welding, it is tacked with welds 4 or 5 inches long 
spaced as required. This is done to prevent any tendency 
to creep as welding progresses around the circumference. 
The tack welding is done by one man on the inside and 
two on the outside. 

Completion of the weld involves a number of passes 
varying with the thickness of the metal. With 7 passes 
for the thickest metal, the 111/:-foot pipe requires 40 
man-hours per joint or the equivalent of one man’s time 
for a full week on the inside and outside of a single joint. 
With a crew of about 40 welders, joints in the trench are 
completed, inside and outside, at the rate of 8 sections 
per day. 

All welds, in shop and field, are done electrically. In 
the field, current is supplied by portable motor-generator 
sets equipped for remote voltage control. The welder sets 
the control for any voltage he prefers from 40 to 80; 
the amperage is about 250. 


From “Steel Pipe 111/2 Ft. in Diameter Welded by Improved Methods’”’ pub- 
lished in Engineering News-Record for May 20, 1937, pages 747-51. 
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I. Summary 


and simple manner the theory of matrix algebra from 
the foundations, and to emphasize the use of this 
_ powerful method in engineering problems. 

It appears not to be a well-known fact among engineers 
that the matrix is not only a convenient notation that 
summarizes in a natural and convenient form whole groups 
of operations but that it is actually possible to solve the 
sets of differential or algebraic equations written in matrix 
form in a most convenient manner. 

The method by which this is done is one of the utmost 
simplicity but makes use of some fundamental theorems 
on matrices not usually found in texts. The theory is 
scattered throughout the mathematical literature. It has, 
therefore, been considered worth while in the interest of 
unity and simplicity to build the subject from the founda- 
tions. It thus requires no previous knowledge of matrix 
algebra for the understanding of this paper. 

The recent work of Kron, Sah, and others using the 
not xtion of tensors and dyadics in studying the behavior 
of circuits and machinery suggests the power and flexi- 
bility of more advanced mathematical methods in ex- 
pressing the behavior of physical systems. 

A perusal of this paper will illustrate that the matrix 
appears to be a natural tool to employ in the solution of 
certain classes of problems. 

In the matrix notation we can actually solve the differen- 
tial or algebraic equations involved without first un- 
scrambling the variables and then proceeding in the con- 
ventional manner. The only restrictions on the differential 
equations is that they be linear and homogeneous. How- 
ever, they may have variable or constant coefficients. 


|: IS THE purpose of this paper to develop in a concise 


Il. The Fundamentals of Matrix Algebra 


1. Definition of a Matrix 


Fy a matrix is meant a system of mn quantities arranged 
in # rectangular array of m rows and columns. A ma- 
trix is usually denoted as: 


ai Q)2 din | 
ao A29 don 
{bua SIE ee AEE Ee = (7) 
eae ee Oe | 
2m Im2 amn _} 
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The subscript m refers to the row and the subscript 1 
refers to the column. 

The quantities a, are called the elements of the matrix, 
they may be constants or functions of a variable. 

This arrangement appears similar to that of a deter- 
minant. However, a matrix is not a determinant. A 
determinant has a certain definite value. A matrix, on 
the other hand, as we shall see, represents a set of opera- 
tions that involve the elements of the matrix. 

We note here that may differ from m. If m =n, we 
have a square matrix of order n. The square matrix is, 
as we shall see, the fundamental matrix. A rectangular 
matrix may be regarded as a square matrix whose missing 
rows or columns may be filled with elements whose 
value is zero. 


2. Equality of Matrices 


The question now arises, when may it be said that the 
matrix [a] = [b]? It is usual to define 2 things as equal 
when they cannot be distinguished from each other. We 
adopt this procedure in this case and define 2 matrices as 
equal when they have the same number of rows and of 
columns and if they have corresponding elements identical. 

That is, if a, = 0, then, by definition [a2] = [0]. 


3. The Zero and Unit Matrices 


We define a matrix [a] to be a zero matrix denoted by 
[0] if all of its elements a,,= 0. That is, by definition if 
a,, = 0 then [a] = [0]. 

We define the square matrix [J] all of whose elements 
are zero except those in the principal diagonal which are 
all unity as the unit matrix. As an example, for a third 
order matrix: 


i OO 
[I] = Oy ab 
Vy @ il 


We shall see that the unit matrix plays the same rdéle in 
matrix algebra that unity plays in ordinary algebra. 


4, Square Matrix, the Fundamental Matrix 


Suppose we have a matrix [a] of m rows and » columns. 
For preciseness, let us say that m > n. If this condition 
holds, then our matrix [a] is a rectangular matrix. We 
can, however, consider [a] as a square matrix whose lack- 
ing columns are filled with elements of value zero. 

As an example consider m = 3, n = 2, then: 


a}, a\2 
[a] = 21 22 = 
31 32 


Wer 


We can, therefore, confine our discussion to square 
matrices. Ifm <n, the lacking rows would be filled with 


Zeros. 


5. The Fundamental Operations 


A. ADDITION AND SUBTRACTION 


By definition [a] + [6] = [c] provided that c, = a + 
Oye 

“That is, the sum of the matrices [a] and [}] is defined as 
a new matrix [c] whose elements are the sums of the cor- 
responding elements of [a] and [0]. 

Similarly by definition [a] — [b] = [c] provided that 
C;, = a, — by; Subtraction is merely a special case of 
addition. 


B. MULTIPLICATION 


In matrix algebra an ordinary number or function is 
called a scalar in order to distinguish it from a matrix. If 
[a] is a matrix and k is some scalar quantity, we define 
k[a] = [0] if 6, = ka. 

That is, multiplication of a matrix by a scalar yields a 
new matrix whose elements are k times the elements of the 
original matrix. 

We have now to define the multiplication of one matrix 
by another. It must be realized that we are at liberty to 
define multiplication of matrices in any manner we please. 
However, of all possible methods of defining multiplication 
we select one because of its usefulness, as we shall see. 

We define the multiplication of the two matrices [a] and 
[b] as being a matrix [c] whose elements c,; are specified 
in a certain manner. 

That is 


[a][b] = [c] 
if 


n 


Cy = > Cinder; 


k=1 
WaeKE IS, set 


au a2 
[a] = 
a1 22 


and 


bu Dye 
b = 
(0) EK bal 


then 


[a][b] = (@iibi1 + Giebe1) (Girhi2 + dieba») 
(daibi + e2b21) (Geidi2 + ae2bo2) 


The rule is very simple. In words: ‘The product 
[a] [b] of 2 square matrices is a matrix [c] in which the 
element which lies in the 7th row and jth column is ob- 
tained by multiplying each element of the ith row of [a] 
by the corresponding element of the jth column of [b] and 
adding the results. 

This rule is not as formidable as it looks. It can best 
be grasped by studying the example above. As a special 
case multiplication by the unit matrix [J] gives [a] [Z] = 
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[a] = [I] [a]. From this it is seen that the behavior of 
the unit matrix in multiplication is as if it were the number - 
one in ordinary algebra. 

Multiplication is not commutative in general. That is, 
[a] [0] [0] [a] in general. 

This is obvious because 


n n 
> DinOng F > Aindnj 
n=1 n=1 


in general. 


The Singular Matrix 


A matrix is said to be singular if the determinant of its 
elements is zero. If the determinant formed from the 
elements of a matrix does not vanish, the matrix is said to 
be a nonsingular matrix. 


C. THE INVERSE OF A MATRIX 


If [a] [b] = [J], then, by definition, [a] is called the 
inverse of [b], and similarly [b] the inverse of [a]. It is 
usual to denote the inverse of a matrix [a] by [a]~!. That 
is [a] [a]—-! = [J] and [a]-1 [a] = [J], the unit. matrix. 
By actually multiplying out we arrive at the following 
rule for determining the elements of the inverse of a ma-_ 
trix [a]. The rule is analytically as follows: 

Let [b] = [a]—1, then the elements 0,, of the matrix [}] 
are given by b,, = A;,/ | A where |A | is the determinant 
formed from the elements of the matrix [a] and A,, is the 
cofactor, or the minor with the appropriate sign of the 
element a;, in the determinant | A |. Since in order for b,, 
to have any values which are finite it is necessary that 
| A | ~ 0, it can be seen that only a nonsingular matrix has 
an inverse. 


D. DIVISION OF MATRICES 


Division is defined as the inverse of multiplication. 
However, since multiplication is not commutative, there 
are 2 kinds of division. That is, if [c] [b] = [6] [d], we 
cannot infer that in general [d] = [c]. From the prin- 
ciples discussed so far, we can prove the following theo- 
rem: If [a] is any matrix and [}] is any nonsingular ma- 
trix, there exists only one matrix [x] which satisfies [a] = 
[>] [x]. The proof of this is as follows: Let us multiply 
both sides of the equation [a] = [6] [x] by [6]—-! the in- 
verse of [b]. Then we have [b]—! [a] = [6]-1 [0] [x] = 
[Z] [x] = [x] since multiplication by the unit matrix always 
gives us back our matrix. We have thus found [x] = 
[b]~! [a]. However, if we had started with the relation 
[x] [>] = [a] then a similar process would have given 
[x] = [a] [d]~'. Since, in general [a] [b]-! # [b]— [a], 
we see that from [c] [b] = [bd] [d] we cannot infer that 
[c] = [d]. The order of multiplication in matrix algebra 
cannot be interchanged in general. In the case where it 
can be interchanged, that is if [a] [b] = [8] [a], the ma- 
trices are called symmetric. 


E, THE VANISHING OF A PRopuCT OF MATRICES 


Tf [a]-[b] = [0] that is, if the product of 2 matrices 
yields the zero matrix there are 3 possibilities. Either the 
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: atrix [a] = [0] or [b] = [0] or if neither the matrix [a] 
r [b] is a zero matrix, the rule for multiplication tells us 
Bat. 

n 


> Ginbn; = 0 


-n=1 


for all values of i and Ee 

By expanding this set of equations out and making some 
elementary manipulations it is easily shown that the 
elements of the various rows of [a] or of [b] are propor- 
tional to the elements of the top row. Asa special case 
let us consider [a] and [b] as matrices of the third order 
then on the supposition that neither is a zero matrix we 
can say that 


qi Qy2 Qs 

[a] = Bay Bay. Bars 
} 
8 


@01) 


bu dye bis 
mby, mbya mh; 
nb nby»o nbs 


where 8, w, m, and are constants. That is, the elements 
of the lower rows are proportional to the elements of the 
top row. 

’ This result, as we shall see, is of extreme usefulness. 


- Or 


F. Powers oF MaTRICES 


We define powers of matrices in the following manner 


{[a]{a]... [a] to p factors 


({a]~*)? 


[7] = the unit matrix 


Positive integral powers [a]? 


Negative integral powers [a]~? 
[a]? 


6. The Laws of Matrix Algebra 


We see now with the exception that multiplication is 
not in general commutative, that is: 


[a][b] # [b][a] 


That our matrix algebra is similar to ordinary algebra, 
that is: 


[2] + [6] = [b] + [a] 
[2] + ([o] + [e]) + fe] = (la] + (2) + Ie] 


If kis a scalar and / is a scalar 


k({a] + [b]) 
(k + 1)[a] 


ka} + [bd] 
k{a] + Ja] 


If [c] is a matrix and [d] is a matrix 


[c]{a] + [c][o] = [e]({e] + {6} 
[c][a] + [d][e] = ([e] + [4] [a] 


The only precaution is that [a] [b] ~ [0] [a] in general 


7. The Characteristic Matrix of a Matrix 


Let [a] be a matrix whose elements are constants. 
Then the matrix [A] = »[Z] — [a], where uis a param- 
eter and [J] = the unit matrix, is called the characteris- 


tic matrix of [a] 
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8. The Characteristic Function of a Matrix [a] 


Let [4] be the characteristic matrix of [a], then the 
determinant of the elements of the matrix [A] |A| is 
called the characteristic function of [a] 


9. The Latent Roots of a Matrix [a] 


Let |A| = the characteristic function of [a] 
ie (eA | ees) 


Then the equation |A| = 0 is the characteristic equa- 
tion of the matrix [a] 
Now since 


[A] = »lZ] — [a] 


The characteristic equation | A = 0 is in general an 
equation of the mth degree in y where is the degree of the 
matrix [a]. 

The m roots m1, we, .... fd, of the characteristic equation 
are called the latent roots of the matrix [a]. 

As an example consider 


ee aa a2 
[a] _ & | 
The characteristic matrix is [A] = u[Z] — [a] or 


[A] = ie mae ay) Seth} 


= characteristic matrix of [a] 
dz, (u — a2) 


(u aa ay) — Qe 
(u — G2) 


— 21 
is the characteristic equation of [a] or 
pe wen + 22) Ae (a11d22 — Q210;2) = 0 
The roots of the equation 


fa =) Oy + 7B 
Me = @ Ue, 


are the latent roots of [a] 


10. The Cayley-Hamilton Theorem 


This theorem, as we shall see, provides us with our 
most potent weapon in the solution of differential equa- 
tions and circuit problems. The theorem: If [a] is a 
matrix of constant elements and a (u) = 0 is the charac- 
teristic equation of [a], then a ({a]) = [0] where [0] is 
the zero matrix. In other words a matrix satisfies its 
own characteristic equation in a matrix sense. Example: 
As we have just seen if 


a(u) = pw? — w(du + 2) + (d11d22 — deidiz) = O 

Then the Cayley- 
Hamilton theorem states that 

a([a]) = 


For a proof of this powerful theorem, see reference 2. 


[a]? — [a](au + dy) + [T] (dude. — adv) = O 
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11. Functions of Matrices 


How are we to define functions of the matrix [a]? In 
analysis, it is customary to define a function of Z such as 
log Z, e, sine Z, etc., in certain regions of the complex Z 
plane by their power series expansions. In matrix algebra 
we shall adopt a similar procedure. 

Consider a function of Z a(Z) such as e’, log Z, sine Z, 
etc., which is definable as a power series in Z. That is: 


a(Z) = eae" 


n=0 


Similarly we define a function of a matrix [a] as 


a(lal) =) Calal" 
n=0 


with the proviso that Co=Co[I]. | From the fundamental 
definition, it is possible by repeated applications of the 
Cayley-Hamilton theorem to arrive at a simpler form for 
a([a}). 

It may be shown, see Duncan and Collar ‘Solution of 
Oscillation Problems by Matrices,’ Philosophical Maga- 
zine, volume 17, series 7, page 900, that the above defini- 
tion reduces to the following one: 


n 


ia 


ala] = 

r=1 
where 

SUL ceugrap = ean 
[Z,] = Sr 


Il (us raat Mr) 
S#r 


where p...H2..-.", are the latent roots of the matrix [a]. 
This theorem is valid only if [a] is a matrix of constant 
elements. 
Professor H. F. Baker has given an alternative form 
which is sometimes more convenient in practice.’ Baker’s 
form is: 


Dr-1 n— Dr-2 n—» dD, Do 
ee) ee + [a] aes ah gs la}+ 5 IZ 


where i, #2, ...., are the latent roots of [a] 


1 1 1 

ip) = Mi M2 Ln 
n— =i 2 
fg yee hy me 


and D,_, is the determinant derived from D by replacing 
the elements of the 7th row by 


o(u) . . . a(ue) . . . a(un) 


Both forms are useful, as we shall see. 
Example: Let it be required to find 


1 0 
elt] where [n] = E | 


The characteristic equation of [7] is 


(p=) 0 


a(u) = | 
0 (=) 


= (u — 1)(¢ — 2) = w®? —3n +2=0 
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The latent roots, are therefore, uw, = 1, we = 2 


Now 
ih ak 1 , 
D= = = 1 
M1 pe F 2 
dD, = A =e —e 
e e 
e e 
= = y — e 
Do 1 9 e e 


D, Do 
el] = pv pee = (e? — e) [; 51 + 


ae ofs t]-[6 a] 


another matrix. 


12. The Limiting Form of a Matrix 
When Raised to a Very High Power 


A very useful result may be obtained from the above 
formulas if »({a]) is placed equal to [a]”. 

Let us substitute this in the above, then 

n 

ur” (Z;] 

r=1 
where y,....u, are the latent roots of [a] arranged in 
descending order of magnitude. Let us suppose all roots 
are unequal. Now 


I (us(I]— [a]) 
Sr 5 


[Z,] = 
I (us ae Mr) 


S#r 


We see from this that [Z,] is independent of m. 
Now if m is very large and 4, is the largest root, then 


lim ) wa (Za) = ma" [Z,] 
m—> co 


r=1 


This is true because 1, being the largest of the roots, 
when it is raised to a very high power the term containing 
wi” is much greater than the other terms and hence the 
other terms may be neglected in comparison with it. 
Therefore 


ym m™ualZ] = lal)(uslZ] ~ fal). - (unlZ] = fa) 


lim fa 
m—> (12 a M1) (js = M1) soe (un m3 M1) 
Example: What is 


eS piap a 
Ole? ‘ 
Here as before yp, = 2, m = 1 


1 07288 -2288((7] — [a]}) 
0 2 = ee 


Pee ig ah. pena 
0 “4 Oe 72 
ee 0 Oe 
BS GES = 92: 
2 i =e ae le | 


This theorem is of extreme importance in raising ma- 
trices to high powers. It is valid only when the latent 
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roots are different. If the difference between the latent 


That is, by our matrix notation, we may concisely write 
roots is great, the formula gives accurate answers even for 


rather small powers of a matrix. 


13. The Differentiation of a Matrix 


Suppose we have a matrix [wu] whose elements are func- 


tions of the variable ¢; that is, w,, = wu, (#). We define 


dun dus duin 
dt dit “dt 
d 
“oe ee . 
dup ae & hehe Ahan 
dt “dt 


That is, if we let D = « then 
t 


D\u)| = [Du] 


14. Integration of a Matrix 


Let [uw] be a matrix whose elements are functions of the 


variable ¢, that is, u,,=4,; (¢) 


Let 
t 

Q =< \at 
to 


stand for the integral operator. 


ie 
t 
is [uldt = Q[uJ =|] °° 


Qunr 


We define 
Orn | 


wad 


that is, Q[w] = [Qu] or the integral of a matrix is a matrix 
whose elements are the integrals of the elements of the 


original matrix. 
If u,; are constants, then 


Qlul] = (¢ — to) [u] 


15. Linear Transformation 


Consider a set of variables (e;...¢,) related linearly to a 


set (2). ..2,) by the equations. 
eye Zut1 + VE ie ples as ZLintn 
@2 = Zot) + Zovta +... + Zontn 
ne — Znitt + Zn2t2 + or + Znnin 


In matrix notation 


le] = [Z}[z] 
where 
ey 1; 
[e] = 
at [4] = 
fe Boe 
Ee 
Zu Zin 
LAN 4 eae 
Wh, SVS 
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the above system of equations in the matrix form. 


Ill. The Most General Linear Network 


If in the above linear transformation we allow the 
variables (€...¢@,) to represent the alternating voltages 
impressed in the various meshes of an m-mesh network and 
[Z] and [7] represent the impedance and current matrices, 
respectively, of the network, then the equation [e] = 
[2] [7] represents the matrix equation characterizing the 
behavior of the most general possible linear network. 


If the voltages are alternating of angular frequency w, 
then 
Ap 


LZtj a Joli; +f Rij an eee 
a) 


Ste Niel 


As we shall see, in case we desire the solution for the 
transient state we may still use matrices. 

In general Z;, = Z,,. | Let us solve the matrix equation 
for the current. Let us multiply [Z] [7] = [e] by [Z]— 
the inverse of [Z] 

[Z]“"[Z][e] = [Z]-[e] 
[¢] = [2] [e] 
where [Z]~' = [Y] the admittance matrix from II part 
5c. The elements of [Y] are given by 
An 
Yi; a SEL 
ee 

A, is the cofactor of the element Z,, of the matrix [Z]. 

Having determined the elements of the admittance 
matrix [Y], we calculate the matrix 


(*] = [¥}fe] 


The various elements of the current matrix [7] give the 
various currents in the several branches. 

Because Z,, = Z,, therefore A,, = A,, consequently, 
we have immediately the familiar reciprocity theorem as 
well as the superposition theorem directly from the 
equation 


[«] = [¥]le] 


IV. Traveling Waves on Multiconductors 


Suppose we have parallel conductors with electro- 
static and electromagnetic coupling between them. 

We may write the 2 matrix equations for the currents 
and voltages 


? (0) 
2 — (e] = (Z]li] and —— (i) = (Viel 


Where the elements of the matrix [e] represent the 
various voltages between the lines and the elements of the 


matrix [i] represent the currents in the m lines. The 
matrix 
Zi) Zi2 Zin 
2 er eee 
Loe Znn 
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d d ; $ 

Zu = Rai + Li a Zig = My, tj 
R,, represents the resistances per unit length of the 
conductors, L,, the inductances per unit length of the 
conductors, and M,, represents the mutual inductance per 


unit length of the various conductors. The matrix 


5 Vy1 Shp Mites 
RS eRe stirs dist 
Vet as Voun 


Y= Gy Cy = OES i 

t 

Gi = the leakage coefficient per unit length 

Ci; = mutual capacitance per unit length 

—d7[e] 6 } ®. ie 

SSS SS SAG SS VA Ie 
wa 7, Ill = (215 


Since [Z] is a constant matrix 


Substituting in the original equation we obtain the 
fundamental equations for the voltages and currents 


“ise alba 
6x? 
as : 
= fi] = (YIZIE 
5x 


As we shall see, we can proceed to the solution of the 
actual differential equations in matrix form.’ 


V. The 4-Terminal Network 


From the general theory discussed in part III, it can be 
easily shown that for the case of a linear, passive, bilateral 
4-terminal network shown diagrammatically as in figure 1. 


Fy — FLA ai. Bl, 
qi = E2,C + DI, 


where AD — BC = 1 or in the matrix form 
EgleetAw ed PTE 
mlegicen | V4 
Assume that 2 such circuits are connected in series as 


in figure 2. 
If the 2 networks are identical, we have, 


Ee ea GE 

elbee bces cll 1b@ 

Er) A ap Ae Ba E eel densa ie, 
Ta CoD & mt ialele Pee) 
If there are such circuits in series, 

ple AL Bo\ Ewe 

B ake D| Fadl 


If we wish to get the (m + 1) currents and voltages in 
terms of the initial values, we have 


Ey = DE, — Bl, 
I — —CE, “+ Al, 
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oO 


Fale Alara 


] 


If we have n identical networks in series then 


ae hee =a ' Ea 
ri alticamy a abd 
If 1 is very large, we may use the formula for raising a 
matrix to a very high power. 
Because of the natural way in which matrix algebra en- 


ters into linear transformations, their application to cir- 
cuit theory are seen to be unlimited. 


VI. The Solution of Differential Equations 


The brief examples which are given above and obvious 
other applications are rather well known to some communi- 
cation engineers. However, the powerful use which may 
be made of matrices in the actual solution of linear differen- 
tial equations is not well known. 


1. The Differential Equation in Matrix Form 


In modern electrical and mechanical engineering there 
are a great class of problems in circuits, vibrations, etc., 
which lead either to linear equations of high order or to 
systems of linear equations. These equations may have 
either variable or constant coefficients. 

Any differential equation or a set of differential equa- 
tions can be changed into another involving only first order 
differential coefficients by writing the highest order 
coefficient as the differential coefficient of a new depend- 
ent variable. 

All the other differential coefficients are regarded as 
separate dependent variables, and, for each new variable 
introduced, another equation must be added to the set. 

These added equations are merely the mathematical 
statement that each new variable is the differential coeffi- 
cient of the variable that represents the next differential 
coefficient of lower order. In this way the most general 
homogeneous linear equation or set of linear homogeneous 
equations with either constant or variable coefficients 
may be written as: 


dx, 
—— = Uk, TF take - . . .  Uinty 
dt 
a 
ao Wal Cies Hs ema re a hse ae Cbree 
6 DS eee See 
ibe Wil ce ee oe Se yee 
ae : d 
Insimatrixs toi ete) ee 
dt 
[Dx] = [u][x] 
or 
ie 
iy Pl = lalla 
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Figure 1 


Figure 2 


As a preliminary to the integration of this matrix dif- 
ferential equation let us consider the integration of the 
ordinary differential equation 


d 
2 B= u(t) 


=i 


subject to y = y) at t = & the boundary condition. 
If we integrate, we obtain, on introducing the boundary 
conditions. 


° 
; 
; 
. 


y= y+ fu yat 


This is an integral equation. We will solve it by suc- 


_ cessive approximations. Let Q be the operator defined by 
| t 
Q=fou 
hen 


Eo + Ony 
Substitute y in the second member and we obtain 
y= y+ Qulyo + Quy] = yo + wQu + QuQuy 
Repeating the process, 
y = yo(l + Qu + QuQu + QuQuQu +...) 


This series is very rapidly convergent. 


THE MaTRIx EQUATION 


We return now to our matrix equation 


ei elie) 


dt 

Let us require as a boundary condition that [x] = 
[x] att = ty 

Then carrying out the above process on the matrix equa- 
tion, we obtain the matrix integral equation 


a dh (w(t) ] [x(t) ]de 
to 


This may be solved by successive approximations. 


[x(é)] = (Z] + Olu] + OlulQu] +... +...) [vo] 


[7] = unit matrix 


Q= fi ( )dt operator 
to 


2. The Matrizant 


[x(t)] = 


We denote 


14 v4 
= (+ foe + fo twit f [uldt +...) 
to to to 


¢ tot u] 
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and the solution of the equation is 
[x(t)] = [wu] [x9] 


by the name of the “matrizant” of [u].°4 


FUNDAMENTAL PROPERTIES OF THE MATRIZANT [wu | 
1, oly) = [7] 


d 
| 2 7 fae) = [a Jatt [re] 


3. If [w] is a matrix of constant elements, then 
OF [a] = [L]el¥l¢—4) 

or, if we let T = ¢ — t 

{Z] = unit matrix 

then, 
au] = [rela]? 


= base of natural logarithms 
These fundamental properties may all easily be deduced 
from the above definition of 


t t 
ta) = (+ fae + fF twtae (ide + 
0 to to 


For a further set of properties, the above paper by Doctor 
Baker may be consulted. 


3. Linear Equations With Constant Coefficients 


As an example, let us consider the system: 


dx,/dt 
dx_/dt 


UX + Uy2%2 
UX + U22X2 


ol 


where u,, are constants 
Or in the short matrix form: 


(w} [x] 


Let the solution be subject to the boundary conditions 
that: 


D(x] = 


x, = x2 and x = x2 att = 


(Note: The superscripts here must not be confused 
with exponents, they are merely a convenient notation 
used to denote the initial values of x, and x. and, since the 
place for subscripts is already taken it is convenient to 
use superscripts.) By the foregoing theory, the solution 
under these initial conditions is: 


[x] = 6. [u] [2°] 
In this case, since [7] is a matrix of constants, 
of (u} = [TJel“l? 


where T = ¢ — 14). 
We must now compute the matrix function el“I? by the 
rule given in part II, section 11. Following the procedure 


given there, we first compute the latent roots of [wu]. The 
characteristic equation is: 
(u — un) —U12 = 
I—u|=0 =0 
MS SC LD eG = tas) 
Or, expanding the determinant, 
gw? — w(t + wee) + (uirte2 — Ute») = 0 
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Let us call the 2 roots of this equation 4, and w,. In 
general, the 2 roots will be complex numbers. 
We can, therefore, in general denote the 2 roots as: 
ju =e@-+P8 and pm=a—Bp 


Computing e!“" by Baker’s rule (part II, section 11) we 
first must compute: 


1 1 
= = (a — 8B) — (a2 + B) = —28 
2 We ele eee - 
ke ae ae Re 
D, = pipe Po ta ay 2e°? sinh BI 
al+B aT—B 
Dee ae e . ‘ i = acet(a sinh BP — p’cosh BT) 


We note that, by definition [w]° = [7]. We have, there- 


fore, by Baker’s rule: 


eluIT — eT sinh BT ee oe — eT /B(asinh BT — 
B cosh BT) [I] 


Or, therefore, the matrizant, in this case is: 


fy] = 


(uy, — a)/B sinh BT + cosh BT) (u12/8 sinh BT) 
‘ | eur Gane Ey | = *) sinh 6T + cosh BT) | 


Therefore, the equation has the solution: 
[x] = O¥ [a] [x] 


If we write 


(ot fy] = ies aa 
21 2 


Wy — @ U2 


sinh BT + cosh ar)( sinh ar) 


ot fy] = e%T ( 
(= sinh ar (* z is sinh BT + cosh sr 


where 

(Ce = @) _. xi 
Qn = aya sinh BT + cosh BT ¢e 
Qe = (u2/Be)*? sinh BT 


QO, = (u/Be)*? sinh BT 


O22 = [(u22 — «)/B sinh] BT + cosh BT )e*? 


Te = t — bh 


If B is imaginary, sinh BT and cosh BT must be replaced 
by sine BT and cos BT, respectively. If 8 = 0, we must 
obtain the limiting forms from these equations by the usual 
L’Hospital’s rule of differentiation. We have now, the 
dependent variables in terms of the initial conditions. 


4. Linear Equations With Variable Coefficients 


The method of matrices is particularly well adapted to 
the solution of equations whose coefficients are functions 
of the independent variable t. The only restrictions on 
the variables is that they be finite and single valued func- 
tions of ¢ throughout the range of integration. This limi- 
tation is met by physical equations. 

Let us consider the most general homogeneous linear 
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differential equation with variable coefficients. This 
equation may be written: . 


Dx” + a,(t)Dx"-1 +... + dn-il)x = 0 


where D is the operator d/dt and the coefficients a,(¢) are 
single-valued analytic functions of 4. That is, they do 
not become infinite in any part of the range for which we © 
desire a solution. 

As in the previous case with constant coefficients, we 
first break up the equation into a set of m homogeneous 
equations of the first order. This is done by calling suc- 
cessive derivatives new variables. That is, we letx = x, 
Dx = x2 and so forth. Our equation is then replaced by: 


where now the coefficients of u,; are functions of tf. 

In matrix form, we write this set of equations as before: 
D{x] = [u][x]. If we know the initial value of x and the 
initial value of (7 —one)th derivatives we denote them by x’, 
xq", etc., these initial values at ¢ = %. Our solution is as 
before: 


[x] = of—* fy) [x] 


Where, unfortunately 2° ‘[w] does not have the simple 
form it had when the elements of the matrix [u~] were con- 
stants instead of functions of f. In this case 


t t t 
tin) = (1 + |) [wu ]dt +f wide f [wjdt ++ +) 
0 to to 


from the fundamental defining equation. It is most la- 
borious to use this form to compute the matrizant. How- 
ever we note that if [w] is a matrix of constants, then 


gQo—tty| = [L]elul? 


where ¢ is the base of the natural logarithms. This sug- 
gests that the following procedure be followed. Let the 
interval of time over which the equation is to be solved be 
broken up into s small time intervals. The procedure may 
be more easily followed by the consideration of the follow- 
ing diagram: 


Ra ea SPS: Wael oat 9 
léolfitée| | Lot | 


Leh ba We 


tilts] | | | | 


Let us assume that during the time interval from ft) to 
i; the elements of the matrix [uw] are approximately con- 
stant and have the average value that they assume 
throughout the interval. Let us denote this matrix by 
[w(1)]. Let in general [u(s)] represent the matrix whose 
elements are given the average values which they assume 
in the sth interval from ¢ = t,_,;tot#=t. We may then 
proceed to the solution of our actual equation with 
variable coefficients by a sort of chain process. That is, 
assuming that throughout the first interval the elements 
of the matrix [w] are constant and denoting the matrix of 
these constant values by [w(1)], we may say that at the 
end of the first interval the solution is: 


[x(t)} = (Tel? [x9] 
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T=h —t 


This is the value that the variables have assumed at the 
end of the first interval, and hence these values provide the 
initial conditions for the second interval. That is, the 
initial conditions for the second interval are [x(t) ] instead 


of [x°]. If the intervals are all equal let us call them 7; 
that is 


ptt = T 

then 

[x(a] = [Ze 17 [x0) 

and, at the end of the second interval, the solution is: 


[x(4)] = [lel¥@)1? [x(2,)] 


; 
i 
. 


Since, however, we know [x(t:)], we can compute [x(t)] 
by a matrix multiplication. The solution for the sth 
interval can be obtained similarly by a repeated chain of 
multiplication of the various values of the preceding in- 
tervals. The procedure appears laborious, but it is in 
reality quite simple. It may be noted that the intervals 
do not have to be of the same length 7. It is usually more 
convenient to choose short intervals where the variations 
of the elements of the matrix [u] is great and to choose 
larger intervals where the elements of [uv] are more or less 
constant. 


ILLUSTRATION 


This method may perhaps be brought out more clearly 
by means of an illustration. The example worked out by 
Frazer® will be given. It is particularly good as an illus- 
tration since it tests the method to the utmost in that the 
variables fluctuate widely and the values obtained may be 
compared with the exact solution. 

Let us consider the motion of a pendulum of variable 
stiffness whose equation of motion may be taken as: 


D2 + (16x2e~** — 1/4) a = O 


It is easy to solve this equation in exact terms. 
The exact solution is: 


@ = e/? cos (4re~) 


for the boundary conditions that a = 1.0 and da/dt = 0.5 
at t= 0. To solve this equation in the matrix form we 


place a = x, and da/dt = x. Then the matrix equation 


1S: 
Dial |j.° ol 1 = wate 
where 


U2) = 1/4 = 1622e—*! 


Let um (s) be the average value of '/s — 167’e™ for 
the sth interval from ¢ = ¢,, to t = é,. Then, for that 
interval: 


D{x) = [ ee ‘ | “m(aci) 
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The characteristic equation is: 


a —1 


—Uzi(s) M its 


and the latent roots are: 
By = V tun(S) 


The matrizant relation is as in VI part 3. 


a, = 0 


cosh (8,7) sinh (6,7) 
es omnis cosh (B57) | re! 


if B, is real. If, however, 8, is imaginary, then circular 
functions must replace the above hyperbolic functions. 
The numerical values of the elements of Q's-1s are given 
in the table I. 

The matrizant '*-s[u] is formed for each interval 
from the values given in the above table. From the value 
of the matrizant for the first interval and the initial con- 
ditions, the values of the dependent variables at the end 
of that interval and hence the initial conditions for the 
next interval can be found. 

For example, the product 2"[x°] may be carried out 
in table form. That is, the square matrix Q%),t; is multi- 
plied by the line matrix [x]. This gives a line matrix 


Table | 
sin Uei(s)sin 
Start of BT/B BT/8 
Interval cos BT sin BT sinh uei(s)sinh 
t= uzi(s) B cosh BT sinh fT £#T/B BT/8 
#=0 ...—129.9 ..11.397 ...—0.6504...0.7590. . .0.0666.. . —8.650 
#= 0.2... —86.99 .. 9.3277...—0.2900...0.9570...0.1026. .. —8.926 
#= 0.4... —58.23 .. 7.6317...+0.0448...0.9990. ..0.1309. .,. —7.623 
#= 0.6... —38.95 .. 6.2417... 0:3172...0:9483...0.1519... —5.918 
t= 0.8... —26.02 . 6.1017... 0:5233., .0.8521.. .0.1670. .. — 4.346 
t= 1.0... —13.51 .. 3.6757...—0.2636...0.9650.. .0.2626... —3.546 
1=1.5... —4.469 .. 2.1147...+0.4915...0.8709...0.4120...—1.841 
t = 2.0... —1.000 .. 1.000j... 0.5403...0.8415...0.8415...—0.8415 
t = 3.0... +0.0808.. 0.284... 1.0405...0.2880...1.015 ...+0.0819 
Table II 
Initial Conditions 
a and Da 
Initial 
Value The Matrizant Stepped Exact 
of t Os — y's Solution Solution 
Oe sais caee aus =) B50De7,, «514.000 OLO6CG Rarer. T0000 Mer cccsiert 1.0000 
== $050) oc1sceresicrs =O, C504 taneiee f= 'O'5000) aes 0.5000 
QD cassie lense TO AU UR cepa cl OMO26 aim ates mes (DOL! (eLiesenets meters —0.725 
5.0260) . aeiast =O 2000)... 5-2 - —8.975 —9.243 
O42 soho « 0,0448:, crits OB00 Ut apee == N74 LOR erie — 0.657 
SHRP AB baeiod 0.0448. a.c.as: a otal WG es in Bic +9.008 
DOG roreneian siete OSU Zeneca. 0.1519 ROPES 45 a ad ied 
SRM erve og achat mal OS OAB coon au GlOLO ss ween oe 5.855 
DS Ses pr oe O! D2 SSracretere ais OS G70. ears es L240 Gitte eres 1.20 
aan A 4G Oe tataquiens (DMPA them on on bt — 2: NAW BIN 6.96 mn —4.43 
MEO areca nets ==) 2E SS mde. O'2626 ncaa ==) AS fgets cose: —0.172 
OAD. (ctepssuekes AVP Leb olieracntia case cH fs fi bo ean —7.646 
Dien sete —0.4915........ i420 erates LOTT eee winisieney oa —1.99 
mon OA Lier ee statins Ol49 Vb ert teins +2.170 +3.005 
DO efe ates OPB£0 Sere. aie OLB LG epson: SOO 7B cquutemice —0.35 
==). S4:B\. sreteee asus OF5403 50% crest tA Ou cucia-s es +4.745 
Aen evetencheen O40 Diese essen EOL ereete rece SOLS eects 3.64 
(ONO P ROR S ado con A O40 Der aercances DUS Fs ote 3.46 
AN ah ie peers aera ee cic VeL hesyeraloreey (o ssaa ala AkYs) 2) 2 (FOZ: Sate aise oe 7.19 
Si OB Oo erat ae 3.984 
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which provides the initial conditions for the next interval. 
The same procedure is carried out for the next interval and 
repeated to the end of the range in /. 

The process may be written symbolically as follows: 


[2(fa)] = atamntenin-atnna . . oft [at] 


or more briefly: 
[x(tn)] = 


This is shown in table IT. 

It may be remarked that the approximate stepped solu- 
tion differs quite considerably from the exact solution. 
However, in the example the variable stiffness fluctuates 
tremendously during the first interval. 

The time intervals at the beginning of the solution 
should have been chosen shorter. Where the coefficients 
of the matrix [uw] vary considerably shorter time intervals 
must be taken. 

The method here presented is only an approximate one 
and will give good results only in case the number of in- 
tervals during which the variable coefficients are to be 
considered constant is taken to be great. In the case of 
second order systems this method provides a rather quick 
method of arriving at the trend of the solution. In the 
example given here it is of course needless to calculate the 
process to 4 significant figures as has been done. It must 
be realized that the coefficient (167e—” — 1/,) changes tre- 
mendously in the neighborhood of ¢ = 0, and more accurate 
results would have been obtained had the number of in- 
tervals at the start of the solution been chosen in a dif- 
ferent manner. 

The method here presented is of particular value in 
second order differential equations whose coefficients do 
not vary greatly. It is true that when ¢ becomes large, 
errors will accumulate. Since, however, in most problems 
the variation of the dependent variable for small values of 
the independent variable /, is sought this method gives 
rather quickly the required information. 


Vil. 


The above-mentioned method enables one to obtain the 
solution for the free oscillations of a network whose 
parameters vary with the time. The solution may be 
made as accurate as desired by the correct choice of the 
time) intervals ¢,— 7,.,- 

It is now proposed to discuss the transient solution of 
networks whose parameters vary with the time in a 
periodic manner. An example of this type of network is 
the alternator with the mutual inductance varying as a 
sine function of ¢. Another example is the telephone 
transmitter with internal resistance that varies periodi- 
cally with the time. The condenser microphone is another 
example of this class of circuit. There are a host of im- 
portant technical problems of this class. In the field of 
mechanical engineering the situation is the same. The 
torsional vibrations of the side-rods of electric locomotives 
and even the noisy vibrations of small synchronous clock 
motors may be brought under the heading of systems with 
periodically varying parameters. For other mechanical 


Qtr -1'r [9] 


Variable Networks 
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Figure 3 R(t) L(t) 


Ct), 


problems of this class the reader is referred to ‘Mechanical 
Vibrations,” a book by Den Hartog. A most extensive 
bibliography of this class of problems is given by Van 
der Pol and Strutt.® 


1. Free Oscillations of a Variable Network 


The method will be illustrated by the use of a special 
case which is of great importance in electrical and me- 
chanical engineering. 

For definiteness, let us consider the most general pos- 
sible series circuit containing a variable resistance, in- 
ductance, and capacitance. The circuit is showninfigure3. 

Suppose that at ¢ = t) a charge is placed on the condenser 
and we inquire the subsequent behavior of the system. 
We specify that all the variable elements are periodic in 
time with the same frequency. That is, 

RE +T) = Rd) 
C(T + t) = C(t) 


and 
Lit +T) = Li) 


where T is the period of the variation. Let 


R(t) = Ro + r(t) 
L(t) = Lo + Kt) 
R/C) = SQ) = So + s(t) 


where S(t), the reciprocal of the capacitance is the elas- 
tance. Ro, Ly, and S; are the fixed constant resistance, 
inductance, and elastance of the circuit about which the 
circuit varies. r(t), /(¢), and s(t), are the variable elements 
of resistance, inductance, and elastance of the circuit. 
Let us suppose that the variations in the various elements 
is always smaller than the fixed portion of the various 
elements. That is, 


Js] < Ro Wel Se ER and Sula 


that is, the absolute values of the variable elements are 
always less than the fixed components. This is usually 
the case in actual physical systems. 

The fundamental equation of the circuit is: 


S(t) 


@#Q , dQ ab \ 1 

Hey 2 (x +%) i ey aps 
where 

Dida 


and Q is the charge on the condenser in coulombs. Let 
So + s(t) 


dL 
e ( a t) ED AT) Mae as eT 


In the above equation let us substitute 


) a eS Aa (4) for Q 
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On making this substitution for Q in the above dif- 


ferential equation we find that y(#) must satisfy the 


equation D’y + (B —1/.DA — 1/,4%)y = 0, if we call 
(B — */.DA — 1/,A*) = b? + a(t); that is, we separate 
this expression into 2 parts, one a constant term and the 
other a variable term. Our problem now reduces to the 
solution of D*y + [b? + a(t)]y = 0 

It may be here noted that because of the periodicity of the 
parameters we must have: a(t + T) = a(t) 

The above equation in y is the equation of Hill. It has 


; received extensive treatment particularly in astronomical 


: 
} 
: 


connections. All the methods published deal with the 
solution of the equation in series or contour integrals. 
These solutions are most unsatisfactory from the practical 
point of view. A theorem will now be established which 


_ will show the ease with which this equation may be solved 


numerically by the matrix method. 


2. The Stability of Hill’s Equation 


The following analysis is a general discussion on the de- 


_ termination of the stability of the physical system whose 
_ behavior is described by Hill’s equation. 


Consider Hill’s equation: 
Dty + [b? + a(t)]y = 0 


Now let gi(#) and go(t) be 2 linearly independent solutions 
of the differential equation. The general solution will 
then be a linear combination of g, and g, and may be 
written as: 


y = O21 + C222 


where c; and c2 are constants. 
Let us write y = x; and dy/dt = xz. 
write the matrix: 


1 | =” £1 g2 | 
[ Xo Dg, Dg» 
where D = d/dt at t = h. 


wi-[% ]- 


If we now let 


gi(t) 
Dgi(t) 


We may then 


Let 


g2(t) 


and 
a-[8] 


we may write the matrix relation [x] = [A (t)] [ce]. 
to determine the arbitrary constants we have, 


Now 


[x°] = [4 (4) ][c] 

and hence 

[c] = [A (t)]*[x*] 

and hence the solution becomes: 
[x] = [A(]IA ())*B") 


now because of the periodicity of the variable coefficient 
a(t), that is, a(t + T) = a (t), we may assume [x(to + T)] 
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= k[x°], where k is some constant to be determined. 
But [x(t + 7)] = [A(t + T)] [A(t)]-1[x°], and hence 
substituting into the above equation we obtain: 


R[x®] = [A (to + T)][A (to) ]- [x] 

If we let [M] = [A(t + T)] [A(t)]~, then we have: 
k[x°] = [M][x°] 

or 

[kI — M] = [0] 


and the constant k depends upon the 2 characteristic roots 
of the matrix [M]. That is if, 


vom | ee | 


then k is given by the 2 roots of the equation 
k? — R(Min + Moo) + (MiMo2-— MyM) = 0 


Mu 
Ma 


Now if |&i| < 0 and |k:| < 0 the motion is stable while 
if |ki| > O or |k.| > 0, the motion is unstable. 


By subdividing the interval from tj to 4 + T into small 
intervals throughout which the variable v(#) may be as- 
sumed to have its mean value it is possible to arrive at a 
numerical value for the matrix [J] and hence to compute 
the stability of the system. This method has recently 
been employed by the author to a simple system. The 
results are to appear in the Journal of the Franklin Insti- 
tute shortly. 


3. The Matrix Solution of Hill’s Equation 


It would be easy to give a numerical example. How- 
ever, it is best to consider the general case. 

We are to solve D*y + [b? + a(t)]y = 0 with the initial 
conditions of y and dy/dt known. Let y = x, and dy/dt = 
x2. Our equation reduces to the system. 

Dx, = X2 
Dx» —[b? + a(t) }xr 


Let F(t) = —[b? + a(d)] 


The equation in matrix form becomes, 


le. afi [x] 


The solution is carried out as in the example of section 
VI, part 4. The time 7 for one cycle of variation of a(t) 
is divided into several intervals of length At and the var- 
ious matrizants calculated. 

The solution at the mth interval is given by 


I il 


D(x] = us = F(t) 


[x(n] = ] [of -v'r x) 
r=1 


where, as before, [x°] is the matrix of the initial values of 
y and dy/dt. If at the end of time ¢ = T or at the end of 
the completion of one cycle of variation of a(¢) the variables 
x, and x2 have increased to kx? and kx» or, in matrix form 
[x(T)] = &[x°], then we have solved the equation for any 
value of ¢ by the use of the formula y(¢ + T) = ky(2). 
The important thing particularly in mechanical problems 
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is that we have determined the stability coefficient k and 
can now predict whether the motion will increase and 
hence be unstable or die out or keep on without any in- 
crease or decrease. The author is in the process of apply- 
ing this method to several special cases. 

Having determined y, Q, the charge on the condenser is 
obtained from 


Q = ent? S (Ardty(t) 


Whether Q builds up or not depends on the relative mag- 
nitudes of the decrement factor 


elas A(tat 


and the value of k. In the absence of resistance, A(t) = 
0. The behavior of Q depends entirely on k in such a 
case. 


Vill. 


If in the most general linear bilateral network with 
lumped parameters discussed in part III, we place the 
resistance elements R;; = 0. That is, the resistance in the 
various branches is negligible, we call the network an 
oscillatory network. In the conventional solution of such 
a network for the resonance frequencies and amplitudes it 
is necessary to solve a set of algebraic equations of high 
order. A method will now be given by which through 
the employment of matrices we do not have to solve any 
algebraic equations whatsoever. The method to be given 
here is a modification of a method developed by Duncan 
and Collar in treating mechanical problems.’ 

The fundamental equations for such a circuit in matrix 
form are: 


le] = [Z][¢] 
where 
Lij = I(oLij a 1/wCij) 


The Solution of Oscillatory Networks 


(See part III) 


FHaALi 
putting R,, = 0. 

Now, if we are interested in the various resonant fre- 
quencies, we place [e] = [0]. 


Our matrix equation reduces to: 


Kei) = 


[0] = (w[Z] — 1/w[1/C]) [2]. The matrix 
IGT 3 cd BOR oe ob o's ate Lin 

EE a ph eall: ae eee 
Do oc) cg) Stimson cock Ot Tbrys 


may be termed the inductance matrix. The inductance 
matrix includes all the self-inductances (Lu, Lo, ...Ly) 
and all the mutual inductances (L;; where i ~ j). The 
matrix 

1/Ci. Aye 1/Cy2 


BY Kesh 


may be termed the elastance matrix. 
self- and mutual-elastances of the system. 

If we multiply both sides of our above matrix equation 
by the scalar w, the angular frequency, we obtain: 


(w?[L] — [1/C]){¢] = [0] 


It includes the 
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Multiplying by [L]~1, the inverse of [L] gives us, 
(o?{Z] — [Z][1/C)) [4] = [0] 
where [J] is the unit matrix. 
This may be considered as the generalization of the 
equation 
(w? — 1/LC)i = 0 
for the resonant frequency of a simple series circuit having 
an inductance L anda capacitance C. In this simple case, 


the well-known solution for the angular resonant fre- 
quency is w = 1/+/LC. 


3. The Solution of the Matrix Equation 


We must now solve the matrix equation: 
(27) = TEs / Cie) = 0 


For simplicity, let » = w* and [M] = [L]—! [1/C]. 
Our equation now reduces to [J — M] [J] = [0]. We 
note here (part II, section 7) that the matrix [uJ — M] 
is the characteristic matrix of the matrix [MM]. 

The latent roots yu; of the matrix [/] are related there- 
fore, to the resonant frequencies by the equation 


fj = eV sy 


where the f; are the resonant frequencies. 
We could, of course, evaluate these roots by finding the 
roots of the characteristic function 


|uI — M| =0 


however, this is essentially the conventional procedure 
which one employs without the use of matrices. We are 
then confronted with an equation of degree m for yp. It is 
now proposed to give another method which avoids the 
solution of the algebraic equation. 

Let us consider the matrix [/] raised to a very high 


power. See part II, section 12. We have the equation 
lim [M]" = hs 
u—> oo (ue a bi) (43 a M1) se (un = [1) 


where 4, is the greatest of the latent roots of [M], and 
[245]) 5 [ost |) lee ed eee [u, — M]. We note 
that [,] is the product in the Cayley-Hamilton relation 
with [u, — M] absent. Therefore, by the Cayley-Hamil- 
ton theorem (part II, section 10), we have [u, — M] [Mj] 
= hb) 

We now make use of the theorem on the vanishing of a 


product of matrices (part II, section e). Therefore 
aA ie dy 4 Duis este nodes ase aA, 

re ee ee 
Aap A yo gee 


That is, the matrix [M,] is such that the elements of 
any row are proportional to the corresponding elements 


of the top row of [M,]. Therefore 
* a,A, ook oid O05 aA, 
lim [M]”" = mee lees PHY DEON Ot tas oO 
(u,; a 1) sede) 016 iwieleliol eiefieiieper ite 
r 1 Qn Ay is lon ae OnAn 
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Now consider any line matrix [X] and form the product 


n aA, aia: SiRR aie a,A X: 
To eke SS (rr ‘ x, 
egies aaa! aki. i .corsc... he 
rt OA ee See AnAn Oe 
Fi a,R 
: a ,R 
ILu. — mn) * 
r#1 a,R 
where 
R= A,X, + AX. +... + A,X, 
bitue values of X), Xe........ X,, are chosen so that 


Ris not zero, it follows that [M]"*+! [X] = [1Z]" [X] 
that is, raising the power of the matrix [M] from n to 
n + 1, gives a resulting matrix that is the same as before 
_ except that it is multiplied by 4. Therefore, to obtain 


| , Figure 4 
; ee C22 
Als) Ls act oS 

Ln 


ae 


the fundamental frequency, any series of values are as- 
sumed for X, ..... X, and, by continually multiplying 
[M]"+1 [X] is obtained. After 1 has reached a certain 
value, a limiting form is obtained when the ratio of suc- 
cessive multiplications is equal to 4; When 4; has been 
obtained, the fundamental frequency is obtained from 


fe S2eV 


It remains now to find the relative amplitude of the 
currents in the various meshes when the system is oscil- 
lating in its fundamental mode. We return to 


[ul — M)[z] = [0] 
and 


i — M\(M;] = [0] 


EEN fe es oo i,°) be the amplitudes of the currents 
corresponding to the fundamental mode 4;. Then 
[u1 — M][2°] = [0] 
[a — M][M,] = [0] 
hence [i°?] = Ki [MG], where K, is some constant; or, 
therefore, 
a,R, 
a,R 
(i°9] = Ke 3 . 
a,R 
Therefore the amplitudes of the various currents are 
proportional to the quantities a1, dz, .......-- a A he 
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method will be illustrated by means of a numerical ex- 
ample. 


4. Example, Free Vibrations 
of a Coupled Circuit 


The method will be made clear by the following ex- 
ample. Consider the coupled circuit shown in figure 4. 


In the circuit, let Cy = Co = C33 = 10-8 farads. Let 
Cy = 0 if = 7. Let Ly = 5/,H, Lo = 1/,H, Lee => 1/ aH, 
Ly. — —1/,;H — Ia, Ls =0= Lys, Log ae — 1/1 a L352. 


In matrix form 
5 1/8 0 
aS —1/3 1/2 —1/6 
0 —1/6 1/6 


ce ht) 
[Te ae TOR Gea 6 = 10°(7] 
Cero. oT 


We first calculate [M] = [L]-! [1/C] 


iO). aaaby 0 
[L]= 1/36] —12 18 —6 
0 =a) 6 


2 
[M] = 10° | 2 
2 


We choose 


1 
[iis 1 
1 


for simplicity. Therefore 


2 2D 1 6 1/3 
[M][X]=109 2 5 5 1 | = 10°] 12 | = 18 x 108| 2/3 
2 Bas 11 1 18 1 


Da 1/3 4/15 
[M}?[X]=18X10%2 5 5 || 2/3 | =(18)(15)(10¥)| 9/15 
Seal 1 1 


It may be noted that since we are only interested in the 
ratio of successive multiplications we may dispense with 
the numerical factors in front of the matrix. Continuing 
the process we soon reach; 


4/15 eee 2 0.256,881 
9/15 2D 5 = 14.533 0.584,762 
1 pee tl 1 


and 
7) 2 2 0.256,881 0.255,238 
2 9) 5 0.584,762 = 14.4495 0.584,762 
2 5 11 1 1 


The ratio is settling down to a number nearly equal to 
14.45. By continuing further it is found that the value of 
t = 14.431 X 108 and the ratios of the amplitudes of the 
currents for the fundamental oscillation are about 0.255, 
0.584, and 1.000 as given by the final matrix. A similar 
mechanical problem is discussed by Duncan and Collar 
in the above-mentioned paper in the Philosophical Maga- 
Zine. 
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It is seen that the convergency of the process is very 
high and the calculations are easily made with a comptom- 


eter. The results are 


i = 14.431(108) 
hence 
fr = 1/24+/m = 607 cycles per second 


This is the fundamental frequency. When the system is 
oscillating at the fundamental frequency the ratios of the 
currents are 7; = 0.225, % = 0.584, and 1; = 1.000; that 
is, with respect to 73 as unity the other currents have the 
above values. 

For a more complete discussion of this method in similar 
mechanical problems the reader is referred to ‘Solution 
of Oscillation Problems by Matrices’ by Duncan and 
Collar. In this paper a method of obtaining the higher 
resonant frequencies is also given. The author is working 
on some more applications of the method. 

It must be noted that the method here given while it 
avoids the direct solution of the detrimental equation 
makes use of a process which is related to the well-known 
root-squaring method of Graeffe. Graeffe’s method has 
been shown to be equivalent to the method of Daniel 
Bernoulli. An excellent discussion and an extension of 
Bernoulli’s method which may be reduced to the method 
here presented may be foundin A. C. Aitken’s paper “On 
Bernoulli’s Numerical Solution of Algebraic Equations’’ 
Proceedings of the Royal Society, Edinburgh, volume 46, 
page 289, 1926. 


X. Conclusion 


It has been the purpose of this paper to show the in- 
herent simplicity and power of the matrix method once 
the fundamental operations have been grasped. 

The theory of matrices as presented in part II has been 
the result of searching the international literature and it 
is hoped that the concise presentation may give an impetus 
to the use of this method. The author is at present at- 
tacking the problem of simultaneous partial differential 
equations by this method and the results thus far show 
that the matrix method will be more powerful in this 
connection (See reference 9). 
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The Next 


N THE 50-year period before us there will be an 

accelerated advance in the accomplishments of engi- 
neering, which, broadly speaking, is the application of 
science. New discoveries in science, and their use by 
means of new inventions, will follow one another with 
ever increasing rapidity. Often one discovery will reveal 
a score or more of new opportunities which speedily will 
be developed and made useful to man. 

This acceleration in the speed of engineering advance- 
ment will be due in part to the increase in the number 
of workers in this field, made available through the com- 
petition of engineering colleges to gain students, and 
especially through the growing conviction among parents, 
whether well-founded or not, that an engineering educa- 
tion carries with it an improved economic and social 
status. The public has become “engineering minded.” 

No one can foretell with accuracy what specific results 
will ensue from this intensified development along engi- 
neering lines; but a few accomplishments are clearly 
evident: 


1. Space, already so greatly reduced, will, practically speaking, 
be well nigh eliminated by the conquest of the air. 


2. Mass-production will be extended to far more industries. 


3. Agriculture will yield more and more to combination-control 
and mechanization. With the aid of new methods of processing 
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50 Years 


and the discovery of synthetic foods, the necessary agricultural 
products for a unit of population will be provided with a fraction 
of the labor and land now used. 


4. Automatic control of production and operation will further 
greatly reduce the need for manual control. 


5. New scientific discoveries, new sources of power, and the de- 
velopment of new processes and inventions, will make necessities 
and many luxuries more generally available. 


Such changes will inevitably shorten the work-time 
required to satisfy the demands of the public. In Canada 
and the States it has been reduced !/; during the last 
50 years. Is it not probable that an equal reduction will 
result in the next 50 years? If so, the required work-time 
will become only half what it is at present. Probably 
20 hours a week is a conservative estimate. 

Whatever this reduction may be, it will result largely 
from the activities of the engineer. Credit for lightening 
the human burden, however, will be accompanied by 
liability for any unfortunate results which may ensue, 
and the public will look to the engineer to provide the 
means to avoid them. 


% 


From an address by the late Harrison P. Eddy, past-president of the American 
Society of Civil Engineers, prepared for presentation at the recent semicentennial 
celebration of the Engineering Institute of Canada, upon which occasion Mt 
Eddy was to have been made an honorary member of that society. The addre ; 
was posthumously delivered at a luncheon meeting on June 16 : and was rs 
lished in the August 1937 issue of Civil Engineering, pages 545-6 meg 
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Short-Circuit Protection of Distribution Networks 
by the Use of Limiters 


By C. P. XENIS 


MEMBER AIEE 


LARGE PERCENTAGE of secondary cable faults 
in distribution networks “burn clear” rapidly. In 
such cases, the short-circuit current to the fault has 

_ not persisted for a sufficiently long period of time to raise 
the temperature of the cable conductor on either side of 
the fault to a high enough temperature to fuse, or per- 
manently damage adjacent cable insulation. However, 
not even the most optimistic treatises on ‘‘burnoff’’ have 
_ ever asserted that all secondary cable faults are of this ac- 
commodating type. Furthermore, the fault consists of an 
electric arc between a number of energized copper con- 
ductors confined in the small space of the duct, surrounded 
_ by masses of molten metal and with water frequently pres- 
ent. Under such a combination of conditions, who can 
contend that the fault can be depended upon to always 
clear in time to protect the insulation of cables supplying 
the fault current? 

Companies operating extensive distribution networks 
have experienced cases of cable failure “‘spreading’”’ beyond 
the initial point of fault, and the prevention of extensive 
damage in such cases depends on the prompt arrival of the 
operating crews who cut network cables ‘‘around”’ the 
faulted area. This type of fault is frequently accompanied 
by fires and explosions for apparent reasons. 

This problem is not new, and the development of non- 
combustible cable insulation represents one angle of attack. 
The development of cable joining connectors, lugs, etc., 
which incorporate fusible elements, so that in addition to 
their normal splicing functions, they provide adequate 
fuse protection to the cables to which they are attached, 
represents another angle of attack to the problem. Un- 
doubtedly other solutions will present themselves in the 
future. 


The Limiter 


The limiter consists of a reduced metallic section incor- 
porated in a connector, lug, or other connecting device 
used in normal cable installation procedure. It has a 
time-current characteristic calculated to protect the cable 
to which it is connected over a wide range of short-circuit 
currents, by interrupting the faulty circuit before the 
cable insulation reaches the “‘roasting’’ point; in other 
words, the limiter selects with cable insulation. It is so 
designed as to form an integral part of the joint or cable 
terminal without the necessity of the additional enclosures, 
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terminal blocks, packing glands, etc. that conventional 
underground fusing systems require. In short, it is a fuse 
made into an inconspicuous part of the cable it is intended 
to protect. 

Figure 1 step number 1 shows a connector-type limiter 
used for protecting number 4/0 nonleaded cables on the dis- 
tribution systems of the Consolidated Edison Company of 
New York, Incorporated. This limiter is made from a 
single piece of copper tubing by flattening the middle por- 
tion of the tube and punching out the excess metal, thus 
leaving the desired fusible section. Step number 2 shows the 


Figure 1. _Instal- 
lation of connec- 
tor type limiter 


MeaSTEPNO, Sin 


ends of the number 4/0 cables inserted in the tubular ends 
of the limiter, while step number 3 shows the assembly 
after the tubular ends are indented to form a permanent 
connection between the cables. Step number 4 shows the 
fireproofing shells assembled around the limiter, while step 
number 5 shows the limiter installation completed by cov- 
ering the assembly with a rubber sleeve and taping the ends 
to the cable insulation. Figure 2 gives the corresponding 
steps taken in installing a limiter lug on the end of a 
500,000-circular-mil nonleaded cable. Note that in this 
case no rubber covering is provided over the fireproofing 
shells on the lug since it is used for indoor installations. 
The limiter lug is also constructed from a single piece of 
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Figure 1A. Con- 


nector type limi- 
ter 


copper tubing, a portion of which has been flattened, bent, 
and punched out to form the lug and fusible section. 

The fireproofing shell (figure 3) plays an important part 
in the proper operation of the limiter by providing the 
means of confining the are developed during the interrup- 
tion of the circuit. It is molded from a noncombustible 
dry mixture of asbestos and cement. Note the barriers 
which further tend to confine the are and keep it from 
striking across the large cylindrical portions of the limiter. 
With the limiter assembly as described, it is possible to 
interrupt short-circuit currents met in practice without any 
external indication of arc or flame. 

In connecting the above limiters to cables, it should be 
noted that compression-type mechanical connections were 
used. Various types of powder driven, hydraulically 
operated, and screw-type devices are now available which 
make satisfactory connections. Solder must be avoided 
in the proximity of limiters because of its low melting 
point. While in the above illustrations we have indicated 
the use of limiters on nonleaded cables, their application 
to rubber-insulated lead-covered cables is equally practical 
and lead sleeves may be installed over the limiters if de- 
sired. However, the use of limiters on paper-insulated 
lead-covered cables becomes relatively difficult since it is 
necessary to take additional steps to keep the impregnating 
oil from entering the fuse chamber of the limiter. 

The use of limiters at multiple points of a network sys- 
tem results in the protection of each cable section between 
such points. The cable fault shown in figure 4 draws its 
supply of short-circuit current from 3 directions at each 
multiple point. However, the total short-circuit current 
from each multiple point must pass through the limiter 
which is connected to the faulty cable. In other words by 
installing limiters of the same type at each multiple point 
of a network system, the selection between limiters is 
automatically secured, and since the faulty section is 
equipped with limiters at both extremities, it will be iso- 
lated from the rest of the network. This presumes that the 
limiter is designed so that it will blow at the minimum 
values of short-circuit current encountered in that net- 
work. 


Limiter Characteristics 


The limiter, like any other type of fuse, has a time cur- 
rent characteristic which defines its performance at 
various overloads. From previous discussions, it is evi- 
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dent that the ideal characteristic for a limiter is one 
slightly faster than the insulation damage characteristic | 
of the cable it is intended to protect. In other words, the 
limiters on the faulted section should fuse before the in- 
sulation of the cables feeding the short-circuit reaches a 
dangerous condition as the result of the total heat gener- 
ated by all cables in the duct. It therefore follows that 
limiter design should be preceded by the determination 
of cable damage characteristics. This has been done 
experimentally using various rubber-insulated cables, for 
a single cable in open air and again for a set of main 
cables installed in concrete duct. Figures 5, 6, and 7 show 
time-temperature characteristics for various types of cable 
installations encountered in the network distribution sys- 
tems of the Consolidated Edison Company of New York, 
Incorporated. It will be noticed that after the copper 
conductor reaches a temperature of approximately 265 
degrees centigrade the rubber reaches the point of perma- 
nent visible damage. Although tests were made on cables 
insulated with 2 types of rubber base compounds, namely, 
intermediate rubber compound, ASTM performance rub- 
ber compound, some lead-covered, others not, it was 
found that the slight differences in the results obtained 
did not justify separate treatment in this report and there- 
fore one set of curves have been plotted. It will also be 
noted that in cases of rapid temperature rise in the copper 
conductor, somewhat higher copper temperatures are 
necessary to cause the same extent of damage to cable in- 
sulation. This is the result of the lag in the temperature 


Figure 2. Instal- 
lation of lug type 
limiter 


~ STEP NO.1_ 


STEP NO.2 


STEP NO.3_ 


STEP NO. 


Figure 2A. Lug 
type limiter 
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Tise of the insulation behind the rise of copper tempera- 
ture. Figure 8 summarizes the cable damage charac- 
teristics for rubber insulation in a more convenient form 
for comparison with limiter characteristics. 

In figures 9 and 10 we have shown cable damage charac- 
teristics together with the characteristics of limiters of 
types illustrated in the first part of this paper. The inter- 
section of the limiter characteristic with the cable damage 
characteristic indicates the value of current below which 
the limiter offers no protection to cable insulation. How- 
ever, if this critical current is below the minimum value 
of short-circuit current obtainable in the network, this 
limitation loses all practical importance. A wide range 
of limiter characteristics is possible by varying the cross 
section and the length of the fusible section. This phase 
of the limiter design problem is not much different than 
that of general fuse link design and therefore, no useful 
_ purpose can be served here by going into detail. On 
figure 9, 2 limiter characteristics have been shown to 
illustrate possible variations in design. 

An additional point to be kept in mind in selecting or 
designing limiters is that the limiter generates heat at a 
higher rate than the cable conductor and therefore some 
of this heat is conducted to the cable to which it is attached. 
This presents a problem only for currents near the mini- 
mum at which the limiter is designed to fuse. Higher 
currents fuse the limiter before the heat generated has time 
to affect the adjacent cable insulation. Substantially 
lower currents (than the minimum fusing values for the 
limiter) do not generate a sufficient amount of heat to 
affect the adjacent cable insulation. It is therefore de- 
sirable that this particular point be investigated as the 
last step of design to insure that no overheating of the 
cable insulation adjacent to the limiter results from heat 
conducted from the limiter. By judicious change of the 
length and cross section of the fusible section and by 
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COPPER TEMPERATURE — DEG C 
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BALANCED PHASE CURRENT 
TWO CABLES PER PHASE EQUALLY DIVIDE PHASE CURRENT 
(NEUTRAL CARRIES NO LOAD) 
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100 ~=—: 120 
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Figure 5. Time-temperature characteristics, rubber-insulated 
cables 


Solid curves—Six number 4/0 cables in duct 
Dashed curves—One number 4/0 cable in open air 


RUBBER INSULATION SUFFERS PERMANENT VISIBLE 
DAMAGE AT ALL POINTS ABOVE THIS LINE 


COPPER TEMPERATURE — DEG C 


ARRANGEMENT OF CABLES IN DUCT 
BALANCED PHASE CURRENT 
(NEUTRAL CARRIES NO LOAD) 


0 20 40 60 80 100 =l20 ~=140 160 =: 180 
TIME — MINUTES 


200 220 
Figure 6. Time-temperature characteristics, rubber-insulated 
cables 


Solid curves—Three 500,000-circular-mil cables in duct 
Dashed curves—One 500,000-circular-mil cable in open air 


proper selection of the minimum blowing point of the 
limiter, this condition can be overcome. In this connec- 
tion the fact that the limiter and adjacent cable insulation 
are located in the manhole where ambient temperatures 
are substantially lower than those in the duct in which the 
overloaded cables are located, assists in arriving at the 
desired thermal balance. At rated loads the temperature 
of the fusible section (located within the asbestos shell) is 
approximately 5 degrees centigrade higher than that of 
the cable conductor. 

With the aid of the above analysis and reference to the 
data presented in curve form, it is possible to design 
limiters which will properly select with the cable insula- 
tion. In the a-c distribution system of the Consolidated 
Edison Company of New York, Incorporated, limiter type 
“AC-2R has been used extensively for protecting number 
4/0 nonleaded network cables in Manhattan and the 
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ARRANGEMENT OF CABLES IN DUCT 
BALANCED PHASE CURRENT 
(NEUTRAL CARRIES NO LOAD) 
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TIME — MINUTES 

Figure 7. Time-temperature characteristics, rubber-insulated 
cables 


Solid curves—Three 750,000-circular-mil cables in duct 
Dashed curves—One 750,000-circular-mil cable in open air 


Bronx. Their use is now being extended to other sizes of 
cables and at other points of the distribution networks. 


Selectivity Between Limiters 
and Network Protector Fuses 


Our discussion heretofore has been confined to the 
proper protection of network cables by means of limiters 
installed at multiple points. Where the multiple point 
happens to be also a supply point, 2 additional considera- 
tions for the proper design of the system must receive at- 
tention : 


(a) The supply cables (connecting the network protector to the 
street mains) may be protected by means of limiters. 


100,000 


——— SINGLE CABLE IN OPEN AIR 


— 3 CABLES LOADED IN DUCT 


(b) The network protector fuse should properly select with the 
cowbination of limiters on the supply cables and those on the net- 
work mains at the multiple point. 


With reference to consideration (a) the desirability of 
protecting supply cables varies with the type of installa- 
tion. If, for example, the supply cables represent a very 
short run between a network protector installed in an | 
underground manhole and the multiple point, the need 
for protecting the supply cables is questionable. If, how- 
ever, the supply cables are of considerable length as in the 
case of transformer banks installed within customer’s 
buildings, the protection of such supply cables and second- 
ary ties is of considerable importance since a serious case 
of cable failure within the customer’s premises is liable to 
entail unpleasant consequences. This protection can be 
accomplished in accordance with the methods previously 
explained. Where the cable terminates at a bus, as would 
be the case where secondary ties connect to the customer’s 
bus, limiter lugs are used for the purpose. Figure 11 is a 
schematic diagram representing a network completely 
equipped with limiters at multiple points and with supply 
cables protected at both extremities. Figure 12 shows a 
transformer vault installation with secondary ties, as well 
as cables connecting the transformer secondary side to the 
network switch, completely protected by means of limiters. 
This type of protection has been recently adopted by the 
Consolidated Edison Company of New York, Incorporated. 

Figure 12 also serves to illustrate the problem of ob- 
taining the proper selection between network protector 
fuse and associated limiters. In the event of a high- 
voltage feeder failure, if the network protector fails to 
open because of some defect, it is desirable to have the 
circuit interrupted by the network protector fuse because 
of the relative ease of replacement of the latter, in com- 
parison with the replacement of limiters. Hence, it is 
necessary to consider the characteristic of the network 
protector fuse in conjunction with that of the associated 
limiters, taking into consideration the fact that a number 
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characteristics, rubber-insulated cables 


Note: Visible damage occurs at points on 
and above each characteristic curve 
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CURRENT — AMPERES 


Figure 9. Time-current characteristic, 
4/0 cable limiter 
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CURRENT — AMPERES 


Figure 10. Time-current characteristic, 
500,000-circular-mil cable limiter 
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of limiters in parallel (4 per phase in the case of figure 12) 


d vide the total current flowing through each network pro- 


street ties and variations in the network layout, it is pos- 
sible that in the case of backfeed the 4 street ties shown in 


rent. It has therefore been decided that the proper selec- 
tion should be obtained even when one of the 4 secondary 
ties carries as much as 40 per cent of the total backfeed 


7. 

" TRANSFORMER 
AND NETWORK 
PROTECTOR UNIT 


Figure 11. Schematic diagram of distribution network com- 
pletely equipped with limiters 
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Figure 14 (above). 
Type Z network 
protector fuse 


Figure 15 (right). Details of type Z network protector fuse 
and enclosure (top) and assembly of type Z network pro- 
tector fuse and enclosure (bottom) 


current. An unbalance of this magnitude is extremely 
unlikely to occur on the system. Figure 13 shows the 
characteristic of network protector fuse type Z-25 and that 
of limiter type A C-5 when carrying various percentages of 
the total fuse current. It will be noticed that even when 
a limiter on one of the secondary ties carries as much 
as 40 per cent of the total backfeed current, a comfortable 
margin of selectivity is obtained. The characteristic of 
the limiter considered on figure 13 (AC-5) is shown on 
figure 10. With a range of selection such as indicated 
above, the network protector fuse continues to be the 
weakest link in the chain of network protection. 

Since the network protector fuse is in series with a group 
of limiters which are in parallel, the 2 types of devices must 
necessarily possess time-current characteristics of the same 
general shape. Hence it was decided to review network 
fuse design and bring it in line with limiter design so as to 
obtain the desired selection. The result of this work was 
a copper fuse, illustrated on figure 14, which provides 
proper selection with limiters, protects the transformer 
over a broader range of overload currents than other con- 
ventional network protector fuses, and is of a type that 
can be readily punched out of flat sheet copper. An indi- 
vidual fireproof arc-suppressing enclosure (see figure 15) 
is provided with each fuse. These enclosures serve to 
protect men who may happen to be standing in front of an 
open network protector when the fuse blows, and to pre- 
vent damage to equipment and communication of trouble. 
These fuse assemblies have successfully interrupted cur- 
rents of the order of 30,000 amperes at full restoration 
voltage with no restriking, and with the arc sufficiently 
confined to protect workmen in the immediate vicinity. 
The fuse characteristic on figure 13 is that of a fuse of this 
type, and of the size used with a 500-kva bank. 
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The development outlined in this paper may be briefly 
summarized as an attempt to revise cable splicing proce- 
dure so as to incorporate fuse protection for the large 
amounts of cable insulation exposed to high copper tem- 
perature in the vicinity of short-circuited distribution- 


Figure 16. Ker- 
ite and friction 
tape covering 
(top) and limiter 
fusing with sepa- 
tion of '/4 inch 

(bottom) 


network mains. With such a system, those faults which 
“burn clear’ in less time than that required to clear the 
limiter (see limiter characteristic) will continue to “burn 
clear’ as heretofore. The faults which do not “burn 
clear’ very readily are the ones that endanger insulation 
on cables supplying the fault current. Such faults will be 
cleared by limiter action. 

The selection of the proper limiter for any distribution 
system should be based on a study of conditions obtaining 
in that system, with particular reference to (a) insulation 
damage characteristic of network cables, (6) minimum 
short circuit current, (c) selection with network protector 
fuses. Standardization in limiter design must necessarily 
be preceded by standardization in distribution network 
design. 

The Consolidated Edison Company of New York, In- 
corporated, has installed 16,000 limiters in the past year. 
During this period there have been 2 cases of faults on 
cables equipped with limiters (35th Street and Sixth 
Avenue and 40th Street and Sixth Avenue). Both cases 
were caused by cables being “bull-pointed’”’ by subway con- 
struction contractors. In each case the limiters properly 
cleared and protected the cables to which they were at- 
tached. Figure 16 shows a limiter which has blown in the 
field and cleared a short-circuit. 


Pooling Power in a Large Industrial Center 


i eas of The Detroit (Mich.) Edison Company 
incident to the provision of reserve capacity against 
the exigencies of power plant operation and against 
outages occasioned by routine maintenance, and the pro- 
vision of excess capacity to meet the unpredictable and 
sudden demands of a vigorously expanding industrial 
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community, was discussed in a paper presented at the 
semiannual meeting of The American Society of Mechani- 
cal Engineers, Detroit, Mich., May 17-21, 1937, by J. W. 
Parker and R. E. Greene (A’26) respectively, vice-president 
and member of the engineering division of the company. 
The paper was published in Mechanical Engineering for 
May 1937, pages 335-9. . 

Diversity in time of use constitutes the major advan- 
tage in pooling the power requirements of any com- 
munity, inasmuch as the peak load of residential and com- 
mercial users does not occur at the same hour as the peak 
industrial load. If each wholesale user of power operated 
its own isolated power plant, the installed capacity re- 
quired would be much greater than is needed if all plants 
in an area are interconnected. Reserve capacity in a 
large system can be less than the aggregate reserve 
capacity in a series of isolated plants for the same load, 
where one spare unit may be a relatively large part of the 
total capacity. 

In the Detroit system, reserve capacity in machines 
running and on the line is maintained at least equal to 
the capacity of the largest machine on the line. In case 
a machine must be shut down in an emergency, the run- 
ning reserve should be restored at once, and, therefore, 
a second large machine is kept standing ready for an 
immediate start. 

Pooling of power resources benefits the community be- 
cause freedom is allowed in the choice of sites for manufac- 
turing establishments, inasmuch as large quantities of 
water for condensers may be obtained by locating central 
stations on rivers, rather than requiring all manufac- 
turers to build plants on the rivers. Such concentration 
in large stations, however, requires considerable invest- 
ment in a transmission and distribution system, amounting 
in the Detroit system to approximately 56.6 per cent of 
the total property. The territory served is divided into 
4 areas, each with a major generating station. Intercon- 
nection may be described as ‘‘loose linked,’ for limited- 
capacity ties are provided which may or may not normally 
carry load but which are sufficient in capacity to compen- 
sate for any losses in generating capacity which can be 
reasonably anticipated. If an uncontrollable fault de- 
velops in one area, the remainder of the system cuts clear. 

The authors conclude that: ‘‘With all its advantages 
of both reliability and economy, the central system can- 
not, under certain circumstances, compete with certain 
types of load. Combining electric generation with a sup- 
ply of steam required in some industrial process, produces 
power as a by-product at a much lower cost than can be 
attained by the best of condensing turbines. Seldom, 
however, does the requirement of steam for process work 
and building heating coincide with the manufacturer’s 
own use of power. Paralleling such by-product generation 
with the central system may be, and often is, good econ- 
omy rather than providing spare capacity against break- 
down or being compelled to generate power under costly 
conditions in periods when no corresponding demand for 
steam exists. In a sense, the central system becomes a 


broker ready to sell or buy power as the circumstances of 
the moment may dictate.” 
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An extension of the 2-reaction theory of synchronous 
machines as developed by R. H. Park is given in this 
paper for machines with any number of phases. 


T THE 1929 AIKRE winter convention, Park! and Ku? 
A presented simultaneously 2 papers on the analy- 
sis of 3-phase synchronous machines. While Ku’s 
method was based on Heaviside’s operational calculus and 
Stokvis-Fortescue’s symmetrical components, Park gen- 
eralized the work of Blondel, Dreyfus, Doherty, and Nickle 
and gave a complete analysis of the salient-pole machine 
with any number of rotor circuits. Ku’s work has since 
been extended to the salient-pole case with inductive and 
capacitive load* and also to the asynchronous operation‘ 
of synchronous machines. The 2-reaction theory has been 
further extended by Park® to the consideration of syn- 
chronizing and damping torque during continuous and 
transient oscillations. The 2-reaction operational im- 
pedances of machines with field collars are given by 
Waring and Crary,® and, more recently, the effect of con- 
denser load is considered by Crary.7. The present paper 
is a further extension of the 2-reaction theory as developed 
by Park to the general case of m-phase salient-pole syn- 
chronous machines. It may be pointed out that the 2- 
reaction components can also be simply related to the 
symmetrical components®? and a similar extension based 
on operational calculus and symmetrical components” 
may serve as a good comparison between the 2 methods 
of attack. 


Fundamental Circuit Equations 


Consider an ideal synchronous machine with m phases, 
and let 


ta, iz, ic .--ty = per-unit instantaneous phase currents 
€a, €B, Cc --- en = per-unit instantaneous phase voltages 
va va ¥o-.--¥yw = Per-unit instantaneous phase linkages 
t = time in electrical radians 
p = d/d 
Then there is 
ea = pla —Ttia | 
ép = PB — TB 
é¢ = Pvc — Tc (1) 
en = b¥n — Thy 


A paper recommended for publication by the AIEE committee on electrical 
machinery. Manuscript submitted June 2, 1937; released for publication 
July 22, 1937. 

Y. H. Ku is dean of engineering at National Tsing Hua University, Peiping, 
China. 

j. For all numbered references, see list at end of paper. 
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Extension of 2-Reaction Theory to Multiphase 
Synchronous Machines 


By Y. H. KU 


MEMBER AIEE 


The phase linkages of an n-phase salient-pole synchronous 
machine may be given as follows (see appendix I): 


va = Iqgcos 0 —Igsin 6 — xi, + [ — (t*)] (=) S< 


[ig tip cos 0) +igcos260+...+ iy cos {(n — 1)4}] — 
Xd — Xq 2 F S 
"CECE 2 [t4 cos 20 +7, cos (20 — 0) + 


tg cos (20 — 26) +...+%4y cos {20 — (n — 1)6o} J 
va = Tqgcos (0 as ) —I,sin (0 = 4) —Xotp + 


(54) ]@)[eeenese 
2 n 


sacar 
n 
[24 cos (20 — 4) +2 cos (26 — 20) + 


tc cos (20 — 36) +... +2y cos (26) | 


vn = Igcos {0 — (n — 1) 60} ely si {6 —(n —1)6} — 


Xotn + E — (ut*)| (2) isco (n — 1)00+ 
2 n 


tp cos (n — 2)00 +igcos(n — 3) +... +iy] — 


29 ia 2 
(5) (2) ligcos {20 — (mn —1)60} +i, cos20 + 

tg cos {20 —(n+ 1)6o} +...-+%y Cos {20 — (w —2)60}] (2) 
where § = position of rotor axis in electrical radians meas- 
ured from the axis of phase A, and 0 = 2r/n. Let the 
transformations from the phase quantities to 2-reaction 
components be given by the following (see appendix II): 


fa == [f4cos 0 + inc0s (0 ~ 6) + focos (0 — 26) +... + 
fy cos {@ —(m —1)60}] (3) 
fa = — = Ufasin 9 +fasin (0 — 0) + 
fo sin (9 — 26) +...+fycos {8 —(n —1)4}] (4) 
It may be verified that 
va = (5) 
vq = (6) 


From previous work of Park,! Waring and Crary,® and 
others,? we know that J, can be expressed in terms of E, 
and i,, and, similarly, J, can be expressed in terms of E, 


where f may stand for e, 7, or y. 
Iq — Xata 


Iq 


= Kgtq 


andi, Hence by extending to the m-phase case, we have 
va = Ga(p)Ea — xa(b)ta (Sa) 
Yq = Gy(p)Eq — Xg(p)q (6a) 
Let also 
1 
fee ya tte rest fx) (7) 
Then 
Yo = —X0to (8) 
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PIS ANY POINT ON ARMATURE SURFACE 


For the transformation of other variables, we have in 
general, 


fulny = = Ua tf cos (b+ 1) + 

focos {2(k + 1)4} +...+fycos(k +1)0] (9) 
Sock) = = [0 + fzsin (k + 1) + 

fosin {2(k + 1)6} +...—fysin(k +1)@] (10) 


where (k) has the values from one to (m7 — 3)/2 for n odd 
and to (n — 4)/2 for m even. For n even, we have also 


1 
fo = a pa Jeet tera (11) 
Then it can be shown that 
Vulk) = — Xotu(x) (12) 
Yo(k) = — Xoto(x) (13) 
Ww a Xolw (14) 


The equations for the phase voltages can now be trans- 
formed to the following: 


€a = p¥a — Ya — Wh (15) 
€g = bta — tg + Wahl (16) 
€& == Pho — Mo (17) 
€u(k) = Phulk) — u(x) (18) 
C(x) = Pho(k) — T(x) (19) 
Co = bbw — Mw (20) 


Notice that since Y, and y, only involve the current com- 
ponents 7, and 7,, 7, and 1, can be obtained by solving 
15 and 16 simultaneously. Equations 17 to 20 are even 
simpler as linkages are functions of their own current com- 
ponents, hence each equation only contains one current 
component corresponding to the voltage component, and 
the common impedance function is 2(p) = r + xop. 

The reverse transformations from the ‘‘2-reaction’’ com- 
ponents to the phase quantities are as follows: 


fue acos @ — fa sit Oe faite Oc se eit tip 
fa = facos (9 — 4) —fasin (9 — 4) + fut) cos 200 + fra) X 
Sin20 ore Te 


fo = facos (8 — 260) — fa sin (9 — 260) + fu(a) cos 460 + 
foa) sin400+...+ fy 


fy = facos (@ + 4) — fg sin (6 + 4) + fui) cos 200 — 
foi) Sin 20) (21) 


Appendix |. Armature Flux Linkages 


The machine will be assumed to be ‘‘ideal’’ as defined by Park.1# 
The no-load per-unit space fundamental flux density at the armature 
surface will be (see figure 1) ; 


Bo =IgcosT +1, sin T (1) 


where 


T = angle along the armature surface measured in electrical radians 
from the rotor axis 


Iq = per-unit rotor excitation or rotor current in direct axis 


I, = per-unit rotor excitation or rotor current in quadrature axis 
magnetizing ahead of the poles 


The per-unit magnetomotive force due to armature phase currents 
tA, Oy to oe ie tn will be 


A 


== figcos (0 +08) +igcos (I + 6 — 60) + 


1c COs (r+é — 20) +. ne) + in cos (VT + 6 + 6)) 


ey [¢4cos 6 +g cos (8 — A) + 
n 
1c.cos (9 — 20) +... +ty cos (6 + 60) } 
2 
+ -sin IF [¢4sin @ +7,sin (@ — 00) +icsin (0 — 20) X 
n 
+... +4ysin (6+ 60)] (2) 


where @ is the position of rotor axis measured from the axis of phase A, 
09 = 2x/n, n = number of phases. 

As the armature linkages for all space harmonics are assumed to be 
zero for the ideal machine, we have for the wave of per-unit flux, 


2 
B = Igcos! +J,sinl — —pacosT [t4cos@ + 
nH 
4p Cos (8 — 4) +ic¢cos (6 — 260) +... + iy cos (0 + A)] + 
2 
-p sin T [t4sin @ +7, sin (8 — 4) + 
n 


to sin (6 — 20) +...+ ty cos (6 + 6) | (3) 


The per-unit linkages in phase A due to the flux are equal to the 


value of Baty = T+0=Oorl = —@,ie., 
; ae : : 
Y4(g) = Iqgcos 6 SG RR p= Sees gy +73 COs 0) + 
n 
: é 2 ba — ba. : 
1¢ COS 20) +. . . ty cos Oo] — 2 [1.4 cos 26 + 243 cos (26 — 6) + 


ic cos (26 — 26) +... +iycos (20+ @)] (4) 
The total per-unit linkages in phase A are then 
Ya = Igcos @ —I,sin 0 —xjot 4 — Xm! [tp COS 09 + 


: , ar : ; 
4c COS 20) +... + ty cos Oo] — Pa T Pa [¢4 +2pc0s 0) + 
n 


ba 


4c cos 20) +... +%4y cos 40] — Pa — Pa [i 4 cos 26 + 
n 


1 COS (20 — 6) + z¢ cos (20 — 26) X 
+...+ ty cos (26 + 6)] (5) 


Xie = per-unit self leakage reactance of any phase 

= maximum possible value of per-unit mutual leakage reactance 
between the phases. When n is even, this is equal to the 
actual value between diametrically opposite phases. For 
3-phase case, this is equal to twice the actual value between 
any 2 phases 
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Under balanced conditions of operation with normal armature 


Va= — (te +2 + p,)\cost = — x cos (8) 
current flowing, there is eis a 
= cost where *7 = quadrature synchronous reactance 
i =e ae ' With zero phase-sequence currents impressed there is 
tc = cos (t — 26) t4 =ip =itec... = ty 
ae Wim I, (ore ae _ wa a ee r 
iy = cos (t+ 6) WA (xte — Xm')ta xot A (9) 


6 =t+t where x9 = zero-sequence reactance 
eee ethe valuac? putt a 0: Thus we have obtained the following relations: 


Then, for Ig = I, = 0 there is Xia + Xm + pa = Xa 


Xie + Xm + P aN, 
i =a? ae [Sie + tm’ (3 - :) + EP cont = Xie — Xm! = s ; 


ba — Pg = Xa — Xq 


- = a + 2(x1e + Xm) = Eo 
| a=] Be a" (6) ba + bg (xto + Xm) = Xa + X 


Equation 5 can now be rewritten in the form 


‘When to = O there is 
Ya = Iqgcos 6 — I, sin 0 — x4 — (==) -| x 


Wa = — (tte + Xm + pa) cost = — xgcost (7) 9 
where (: [ia + 2p cos 0 + t¢ cos 200 +... + iy cos Oo] — 
, n : 
— e cs :) (>) (2) fis cos20-+ incos (20 — 0) + 
X%q = direct synchronous reactance!!!2 ic cos (20 — 20) +... + iy cos (20 + 6)] (10) 


When / = x/2 there is Similarly we can write down the equations for the other phases. 


Appendix Il. Transformation of Variables 


The transformations between the phase quantities and the 2-reaction components will be given in the form of matrices as below: 


ue | B ‘4 Deis Shee NS N 
1 
0 a Se eee pier eee 
n 
2 2 
d et 6S) (6 = 260) COS (0 —- 360) © us) etiam 
n n ; n 
2 | 3 2. oo 
q \(—) —sin@ \(—) —sin (@ — 6) (—) — sin (@ — 240) | (—) —sin(@—34)| ..... 
n | n n n 
Ca* = 2 2 2 
uy — cos 26 cos 469 SECOSOOoN Bee fillpiubsgerers te — cos 20 
n n n 


RZ ieo] Ss Iho 


2 oo. 
v1 — sin 24 Zier 2 oh Alle © aba he (—) — sin 2 
n n n 


LE , ; , ; 
For example, from the first row, we have 1% = zs (Q4t¢t¢tp tite tipt+ + in) 
a 0 d q U1 te a w 
A 1 cos 6 —siné 1 0 1 
B 1 cos (@ — 4) —sin (9 — 4) cos 24 STOO ON -\\nue scent. —1 
a G 1 cos (8 — 24) —sin (9 — 26) cos 44 SU AOpe || owen 1 
va D af cos (6 — 360) —sin (@ — 360) cos 64 Sit Gb nr ee || eccee —1 
N cos (6 + 4) —sin (0 + 40) Cary net TIT) 
For » odd, row w or column w should be omitted. The foregoing transformations may be derived in another way 
As a check, we have as follows: 
Ca°Ca* : According to the method of symmetrical components, we have 
Aa 
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> 


a 
PIR {SIS [sie 


ool Sle] Ste] Se 
|e les SFlai}zie 
-“lZlelsleaysle 


“ls lars 
nw 


SOs 


a = &% where 0 = 


For n odd, row 7/2 should be omitted. 
The reverse transformation is 


For n odd, column 7/2 should be omitted. 


The correlation between the symmetrical components and the 
2-reaction components are as follows:%!° 


Notice that C,? and Cg! are of very simple form, and, since C41 and 
C,4 are well known from the method of symmetrical components, 
C42 and C,4 can be written down very simply without going through 
the details of matrix algebra. / 


Appendix Ill. Derivation 
of 2-Reaction Flux Linkages 


Substituting equation 2 into equations 3 and 4, we can derive the 
expressions for ~q and yz, as follows: 
Consider wq first. From equation 3, we have 


5 
va = =, Wacos 6 + yx cos (0 — 0) + ¥ccos X 
(96 — 20) +...+ Wy cos 0 — (nm — 1)6o] 


Let us examine the different components of the phase flux linkages 
separately. The first component is Jg cos 86. Hence 


Yaa) = = Ia [cos cos 8 + cos (8 — 6) cos (6 — 60) + 
cos (8 — 240) cos (@ — 20) +...] = Ta 
Similarly, for the second component —T, sin 0, we get 
Vid =o 1, [sin 8 cos 6 + sin (6 — 4) cos (@ — 6) + 
sin (9 — 209) cos (@ — 20) +...] = 0 


For the third component, —xot 4, we have 


2 
DTS a te {i4cos 6 +2,c0s (8 — 4) +%ccos (6 — 26) +...] 


= —Xolg 


The fourth component is as follows: 


; 2 
(25°) (a) + in cos 80 + ic cos 260 + . -} 


cos 6 + {i4cos 0) +ip +iccos +. ; .} cos (0 — 4) + 
{i4cos 20) +igcos tig +. 5 J cos (@ — 260) + a he if 


Now we may combine the terms into the following groups: 


All the empty spaces should be indicated by 0. For 1 odd, column 
n/2and row w should be omitted. 


S0 d qd Uy 
0 


1 

2 

Ct = : 
n 

2 

ig = 2 
a= I 


All the empty spaces should be indicated by 0. For n odd, column 
wand row n/2 should be omitted. 
Then we can get C4” and C,4 from the relations: 


Ca? = C41C,4 
Cat = C71C,4 
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2 : 
(2 )tiacos +44 Cos O09 cos (6 — 6) +244 cos 20)cos (96 — 26) +.. .] 


= 14cos 0 


2 ; ; 
(=) [tp cos (8 — A) + ig Cos A) cos (8 — 26) +... + ip cos % cos 6] 
= 130s (0 — 6) 


So we get 


2 : 
= al ON Looe Gi [t4 cos 6 +7 ,Ccos (6 — 6) + 


gs G ae _) : 
Xold 2 ta 


For the fifth component, we have 


2 — 2 
== aS) 5) [{7.4 cos 207g cos (20 — @) + 


Vas) 


tqcos (06 — 20) +...] 


vas) = n 2 


tc cos (20 — 24) +.. | cos 6 
{i4cos (20 — 6) + iz cos (20 — 26) +igcos (20— 36) + 
-+...} cos (0 — 6) 
{i4 cos (20 — 26) +igcos (20 — 34) tic cos (26 — 46) + 
. = »} cos (8 — 26%) --1, Fa 
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rouping the terms together, there is 


Re \" 

3) [t4 cos 26 cos 6 + i4 cos (26 — 4) cos (@ — 4) + 

44 cos (20 — 26) cos (0 — 26) +...] = 44 cos 6 
f2\ 

\ =) [tz cos (20 — 26) cos (8 — 0) +73 cos (20 — 3) X 


cos (6 — 20) +... +43 cos (26 — 6 
= tp cos (8 — 6) i “hie 


we have 


ve = -=("=*) | 
(5) Pe 2 #4 cos 0 + tg cos (@ — 0) + 


ioces 0-28) +...) = - (#=%) cs 


¢ 


The sum of 5 components gives 
Wa = Ig — xata 
For the quadrature flux linkages, we can derive the expression in a 


similar manner. The different components will be 


2 
Yq) = - ee [cos @ sin @ + cos (@ — 6) sin (@ — @) +...] = 0 
~ ae : 
Yaa) = 51a [sin? @ + sin? (@ —@)+...] =I, 


eS ae 4 
Yai) = = ma [¢4sin @ +igsin (@ — 0) +...] = — xoty 


2 25 
vew = — “| s esi fiasin@ +igsin(@—6) +... ] 
£ (42) P 
= Xolg — 2 tg 
y 7ES he te oe Ser 
ay. : fi4sin@ +7gsin(@ — 6) +... ] 


Xa — X, 
-( 2 ‘) i 


The sum of the above 5 components will then give 


Vq = Iq — Xgtq 
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Fuels of Tomorrow 


Fors of today and tomorrow were discussed by, 

A. C. Fieldner, retiring president, American Society for 
Testing Materials, in his presidential address at the annual 
meeting of the society held in New York, N. Y., June 28- 
July 2, 1937. Doctor Fieldner first covered fuels of 
today, including such topics as the search for oil, de- 
velopments in refining petroleum, displacement of coal 
by fuel oil, rise of natural gas, and coal production and 
utilization. After discussing fuels of today and out- 
lining national fuel reserves, he discussed fuels of to- 
morrow, indicating that gas, oil, and coal are available 
today in abundance. There is coal enough for hundreds, 
and possibly thousands of years; but natural gas and oil 
obtainable by present methods may be exhausted in less 
than 100 years, and a shortage of our domestic supply 
may begin within 10 or 20 years. 

He indicated that coal will continue to be the principal 
fuel used for the generation of public utility and major 
industrial power. Technologic improvements and new 
hydroelectric power will tend to reduce the consumption 
of coal; on the other hand, an increasing demand for 
energy and a decreasing supply of cheap residual oil will 
increase the amount of coal consumed for power purposes. 
No material change is expected in either direction in the 
near future, but in 10 or 15 years the trend will favor 
increased consumption of coal. Tomorrow’s power and 
central heating plant will burn any kind of coal com- 
pletely and efficiently. 

The convenience and uniformity of automatic heating of 
homes with gas or oil will continue to attract more users, 
even at higher costs than those prevailing today. The 
insulation of houses has been improved greatly, and future 
homes will permit higher unit cost of fuel without in- 
creasing the total heating bill. 

Referring to railroad and marine fuels he indicated that 
further improvements in the over-all efficiency of the 
steam locomotive and a gradual increase of electrification 
will retain the use of coal for freight traffic throughout the 
age of oil and natural gas, and that the convenience and 
economy of Diesel-engine drive for ships and boats is such 
that its use will continue even after declining production 
of petroleum requires the production of Diesel fuel from 
shale or coal. 

In discussing the motor fuel supply, one of the most 
interesting questions, he pointed to the prediction of 
Snider and Brooks that by 1945 there is the probability 
of considerable shortage of domestic petroleum. Doctor 
Fieldner said that from the very beginning of the auto- 
mobile industry, recurring threats of shortage of gasoline 
were met—in the field by finding new pools and improving 
production technique, and in the refinery by increasing 
yields and making a more efficient product. ‘“The end 
has not been reached. We are just beginning to use 
scientific methods in extracting oil from the sands, and 
catalytic polymerization and hydrogenation eventually 
will furnish the means for complete conversion of volatile 
liquids and heavy petroleum to gasoline.”’ 
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Of AIEE Pipers as Recommend cet for Publication by Technical Garamisices 


ry 


On THIS and the following 2 pages appear all remaining discussions sub- 
mitted for publication, and approved by the technical committees, on papers 
presented at the 1937 AIEE winter convention, New York, N. Y., January 


25-29. 


Discussions of papers presented at the sessions on general power 


applications, vibration and balance, communication and research, power 
transmission, education, power generation and electrical machinery, instru- 
ments and measurements, insulation co-ordination, and lightning protective 
equipment at the 1937 AIEE summer convention, Milwaukee, Wis., June 
21-25, now are being reviewed by the technical committees, and will appear 
in ELECTRICAL ENGINEERING as they are released for publication. 

Members anywhere are encouraged to submit written discussion of any 
paper published in ELectricaAL ENGINEERING, which discussion will be re- 
viewed by the proper technical committee and considered for possible publi- 


cation in a subsequent issue. 


Discussions of papers scheduled for presenta- 


tion at any AIEE meeting or convention are closed 2 weeks after presentation. 


W ait-Hour 
Meter Bearings 


Discussion and authors’ closure of a paper by 
1. F. Kinnard and J. H. Goss published in the 
January 1937 issue, pages 129-37, and pre- 
sented for oral discussion at the instruments 
and measurements session of the winter con- 


vention, New York, N. Y., January 28, 1937. 


F. C. Holtz (Sangamo Electric Company, 
Springfield, Ill.): To me, there are few 
subjects which offer greater possibilities for 
scientific adventure and speculation than 
the study of watt-hour meter bearings. 
No branch of physics or chemistry seems 
able to escape being involved in this prob- 
lem in at least one form or another. It offers 
a challenge to the best we have in modern 
scientific technique, in the fine structure and 
architecture of solids and it plays with 
stresses seldom considered in modern ma- 
chinery. Any familiarity with the problem 
reveals that the great mass of knowledge is 
still to be gained from carefully planned in- 
vestigation. 

One cannot help but be impressed by the 
long list of references which is only one indi- 
cation of the great commercial importance 
attached to the problem and the desire to 
further improve what for a time seemed in- 
capable of improvement. Beginning with 
the work of Shotter and others, it was quite 
evident that practical improvement lay in 
the direction of materials rather than of 
form and the present work is without ques- 
tion a valuable and important contribution. 

I trust, in commenting on the present 
paper, it will not be out of order to draw on 
the experience of others and to relate certain 
conclusions which we are able to draw from 
our own observations. 

The success of any bearing system must 
be judged from the results obtained in the 
field under all possible conditions of installa- 
tion and use. 

Because of the wide variation in these con- 
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ditions the application of statistical meth- 
ods are very helpful in determining the suc- 
cess of any particular arrangement and from 
this point of view we, as manufacturers, are 
very grateful for the friendly co-operation 
and assistance which we received from the 
public utilities in the form of data on the 
many millions of meters scattered through- 
out the country. All experimental data 
should be examined in its relation to the 
practical aspects of the problem. 

The present paper is for the most part a 
record of laboratory experiment and from 
that standpoint is extremely interesting and 
satisfying to the user of meters in pointing 
out the care and consideration which is 
given to the problem before a commercial 
arrangement is arrived at. 

Figure 2 is extremely interesting in show- 
ing how the friction varies with pivot radius; 
however, it should be pointed out that it is 
also a function of the jewel radius. Strictly 
speaking, it is probably a function of the 
order of contact between the 2 surfaces and 
from this point of view it would be interest- 
ing to know how this friction varies as the 
jewel radius approaches that of the pivot. 
The values indicated by the authors are 
very close to what might be considered an 
average throughout the industry. They are 
somewhat smaller than the values chosen a 
few years ago due to the lighter weight moy- 
ing systems, higher expected values of over- 
load, which together with higher torque 
gives a greater tendency for the pivot to 
ride on top of the jewel. While other means 
are provided to prevent it, the deeper and 
smaller radius cup is the ideal arrangement. 

While the curve of figure 3 is extremely 
interesting, it is to be noted that in watt- 
hour meter practice meter pivots are seldom 
worn at the point. This, as is well known, 
is due to the fact that both driving and 
damping torques act to force the pivot up 
the side of the meter jewel until the forces 
are balanced, leaving the point of contact at 
some suitable distance from the axis of the 
pivot. At light load this is near the station- 
ary position, but in this case the speed of 
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rotation is small, hence no great amount of 
wear is to be expected. In some respects 
this is fortunate for if wear results at the 
higher loads the corresponding friction does 
not appreciably alter the meter registration; 
yet during periods of light load the pivot re- 
turns to put into contact areas which are 
little affected and which again has little 
effect on the initial accuracy. I should 
like at this time to refer to the curves of 
figure 7 which, in the light of past experi- 
ence seems to be an anomalous behavior of 
materials. It is generally agreed that the 
pivot-and-cup type of bearing is improved 
by oiling and that its life is correspondingly 
increased. The work of Stott, Shotter, and 
others points very clearly to this conclusion 
and I am sure that it has been thoroughly 
supported by field observation. It certainly 
must be true for a great variety of materials, 
if not all. Why, then, does the oiled cobalt- 
tungsten pivot wear as rapidly as dry steel 
in the beginning and then slow down to that 
of dry cobalt tungsten at 10,000,000 revolu- 
tions, and then less with advancing revolu- 
tions? 

It would be interesting also to know some- 
thing of the performance of the oiled steel 
pivot drawn to the same scale for compara- 
tive purposes. 

Figure 7 is apt to give the impression that 
a pivot begins to wear the instant it begins 
rotation. This may be true of some alloys 
and even steel in the dry state, but it is not 
necessarily true of an oiled steel pivot. I 
have tried to form an opinion based on the 
great mass of evidence supplied by the oper- 
ating companies. There is ample evidence 
in support of the contention that wear be- 
gins with some unfortunate accident to the 
bearing system, the nature of which is, as 
yet, not fully understood. We know, for 
example, that some pivots will apparently 
operate for millions of revolutions without 
showing more than a trace of wear and then 
without warning increase rapidly at a fairly 
uniform rate somewhat as shown in figure 7. 
It is as if Mr. Kinnard’s curves did not all 
start in the same place but chose to dis- 
tribute themselves out along the axis of 
revolutions in some quite arbitrary manner. 
This type of action is hinted at in Shotter’s 
paper, but so far as I know it has not been 
recorded in the form of acurve. If this were 
not true, we could readily predict the exact 
number of revolutions which a meter should 
make before changing bearings. I believe 
that I have the support of the meter man in 
the above statement based on a systematic 
and careful examination of meter pivots re- 
moved at the time of periodic test. It would 
be extremely interesting to carefully meas- 
ure the radius of worn areas on a relatively 
large number (say 1,000) of meter pivots 
and plot these results in terms of meter revo- 
lutions. This will require that the work be 
followed in a territory where conditions are 
fairly uniform both as to loads, methods of 
handling, etc. 

The impact tests are extremely interest- 
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a in MOINES out the manner in which 
jewels and pivots may be damaged by short 
‘circuit conditions. We conducted tests 
some years ago to determine the relative 
‘susceptibility of jewels of various types and 
orientation to damage by impact. To 
eliminate certain types of errors and render 
the results more uniform and dependable, 
the arrangement provided for applying the 
impact at the center and thinnest section of 
the jewel. To do this the jewel was mounted 
on a relatively massive iron anvil. A small 
steel ball was placed in the jewel which com- 
bination then received the impact from a 
small hardened steel cylinder dropped 
through a small tube from varying heights. 
In this case the impacts were repeated on 
the same jewel from varying heights until 
microscopic examination revealed that the 
jewel had been damaged. 

The results show clearly that to obtain 
consistent results considerable care is neces- 
sary in properly mounting the jewel and that 
the results are influenced by the nature of 
the back surface of the jewel. 

The subject of pivot materials is in itself a 
most interesting one, and I should like to 
discuss it according to the 6 qualities laid 
down by the present authors: 

1. Noncorrosive. The question of corro- 
sion resistance is, so I am told, tied up with 
2 different properties of the metal or alloy. 
The first assumes that the metals are rela- 
tively inert as to forming chemical combina- 
tions with the compounds with which they 
may be in contact. Gold, platinum, os- 
mium, tungsten, and other noble metals be- 
long to this group. They achieve their cor- 
rosion resistances through their extreme 
stability and refusal to readily form com- 
pounds. 

The second group are those which are rela- 
tively active, chemically, and readily form 
oxide layers over their surfaces which in 
themselves are chemically inactive. Alumi- 
num and stainless steels belong to this class. 

It should be quite obvious that materials 
of the second class should not be considered 
acceptable for meter pivots since the abra- 
sive action of the jewel and pivot in contact 
will remove this oxide covering and expose 
the under layer to further corrosion. This 
explains why, under certain conditions a 
stainless steel pivot will show considerable 
quantities of red iron oxide after having op- 
erated dry in a meter bearing. All such ox- 
ides are invariably hard, brittle, and there- 
fore quite abrasive. 


2. Nonabrasive. A careful examination 


Figure 7. Acceler- 
ated life test wear 
curves 
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of the abraded material also raises an inter- 
esting question: Are the products of abra- 
sion dependent upon the abrasive qualities 
of the constituent alloys or do the oxides of 
such alloys have qualities which are inde- 
pendent of them? 

If they depend upon the individual con- 
stituents, it would be an easy matter to say 
which metals should and which should not 
form a satisfactory combination for a meter 
pivot. The problem is not so simple for the 
abrasive qualities of the material removed 
frequently does not resemble any of its con- 
stituents. The former is, nevertheless, a 
safe guide to follow. Oxides of tungsten and 
cobalt are each relatively mild abrasives and 
so far as we know the oxide of the alloy is 
also. Shotter, in his paper, comments very 
favorably on tungsten which has been veri- 
fied by further test, but it requires very 
careful preparation. 

3. Shock Resistance. There are some ex- 
tremely interesting things about the alloys 
suitable for pivot materials. In addition to 
the corrosion resistance already referred to, 
there is the property of hardness. 

I am inclined to feel from numerous tests 
that extreme hardness is essential to abra- 
sion resistance. This follows from a con- 
sideration of diamond and sapphire as jewel 
materials and it is equally true in pivot ma- 
terials. It may, however, be possible for a 
pivot material to be so hard as to resist 
wear, and when used against sapphire, wear 
the latter. 

In most cases the reverse is true, but in 
some cases such as in alloys containing com- 
paratively large percentages of iridium the 
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pivot will actually cut the jewel, especially 
when run dry. 

Frequently the presence of minute inclu- 
sions of foreign matter in the pivot material 
may damage the jewel. It is extremely 
necessary, therefore, to watch alloys for the 
appearance of minute inclusions in any 
series of experiments to determine a suitable 
material. 

The present paper refers to cobalt- 
tungsten alloy as being softer than steel. 
In one sense this is true and in another it is 
not. Cobalt-tungsten alloy as with other 
alloys, especially precipitation hardening 
alloys, comprises a series of hard crystals in 
a matrix of softer material. For this reason 
the material is soft from the standpoint of 
deformation and hard from the standpoint 
of wear. This property of the structure is 
shown when determining superficial hard- 
ness. A perfectly conical diamond penetra- 
tor will frequently leave a triangular shaped 
depression showing that the hard crystals 
are moved about as a body in a matrix of 
softer material. 

No comment will be made on the last 2 
properties; namely, low friction and work- 
ability, since this in itself involves a con- 
sideration of many materials. I should, 
however, remark that certain alloys of os- 
mium, rhodium, and platinum show great 
promise as pivot materials and it is hoped 
that the cost can be brought within permis- 
sible figures. 

In pointing to the possibility of operating 
the cobalt-tungsten pivot without oil, no 
mention is made of the relative friction in 
each case and the variation in friction over 
long periods of operation. It would be in- 
teresting to know something of this. 

4. Lubrication. With the rapidly grow- 
ing tendency toward outdoor meter installa- 
tions, the matter of lubrication is extremely 
important and the qualities outlined by the 
authors is an excellent guide in the selection 
of a suitable lubricant. In general the 
mineral oils have a somewhat greater ten- 
dency to creep but this can be reduced by 
suitably applying to the surfaces a mixture 
known to the watchmaking industry as 
“epilame.”’ Its essential ingredients are 
steric acid in toluene, and when applied its 
thickness is of molecular dimensions. 

In addition to chemical tests, certain 
simple mechanical tests are extremely use- 
ful in detecting any undesirable qualities. 
A small quantity of the oil is placed in a 
hemispherical cup which is alternately ro- 
tated_and stopped in the presence of warm 
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air or oxygen. Centrifugal action drives 
the oil over the surface in a thin layer and 
then allows it to settle to the bottom. This 
test will quickly reveal any tendency to- 
ward gumming and frequently reveals con- 
ditions which cannot be detected by chemi- 
cal tests. It corresponds to an accelerated 
service test and is therefore of considerable 
value. 


I. F. Kinnard and J. H. Goss: The dis- 
cussion of the paper, especially by Mr. 
S. Green, Mr. F. C. Holtz, and Professor 
M. W. Pullen has brought out much infor- 
mation of interest to users and designers of 
watt-hour meters. Some of the points raised 
require further discussion by the authors. 
Mr. F. C. Holtz has referred to the effect 
of the radius of the jewel cup on the value of 
friction torque between the pivot or ball and 
the jewel cup. Mr. V. Stott (reference 2 of 
the bibliography) has shown by a mathe- 
matical analysis that a negligibly small 
error is introduced if the radius of the jewel 
cup is assumed to be infinite over the small 
area of contact of a new bearing within the 
range of radii for pivots, balls, and jewels 


First Report of 
Power System Stability 


Closure of a report of the AIEE subcommittee 
on interconnection and stability factors pub- 
lished in the February 1937 issue, pages 
261-82, and presented for oral discussion at 
the power transmission session of the winter 
convention, New York, N. Y., January 26, 
1937. Previous discussions and closure ap- 
peared in the May 1937 issue, pages 632-4. 


R. D. Evans: Raymond Bailey, H. K. 
Sels, and Nicholas Stahl have called to our 
attention the fact that table III contains 
certain discrepancies as applied to the 
Pennsylvania-New Jersey interconnection. 
It is believed that these can best be clarified 
by republishing part of the table. The ac- 
companying tabulation supersedes item I 


Table III. 


for the Pennsylvania Power & Light Com- 
pany and the next 5 columns headed ‘‘Penn- 
sylvania and New Jersey Interconnection.” 

Mr. Bailey has also pointed out certain 
errors in table III as applying to the Phila- 
delphia Electric Company’s system. Under 


item I for the Conowingo-Plymouth Meet- 


ing circuit, line B-5 should show “H.T.” bus 


at both sending and receiving ends; and line ~ 


E-2 should show: 


Phase: 
ance. 


High-speed differential induction imped- 


Ground: High-speed differential and high-speed 
overcurrent. 


Under item II for the Plymouth Meeting- 


Westmoreland circuit, line B-5 should also 
show “H.T.” bus at both sending and re- 
ceiving ends; and under line B-2 should 
show: 


Phase: Induction impedance. 
Ground: High-speed directional overcurrent. 


Recent Practices Regarding Stability Studies 


which are used commercially. Pennsylvania and New Jersey Interconnection 
Figure 7, which Mr. Holtz questions, was 
plotted in error and the authors are pleased 


to include in this discussion a corrected 


Pennsylvania Power & Light Company 
Philadelphia Electric Company 
Public Service Electric and Gas Company 


figure. It will be noted that the oiled co- 
balt-tungsten bearing follows almost ex- Item I Item II Item III 
actly the same wear curve as the dry for the Plymouth Mtg.- Plymouth Mtg.- Siegfried- 
first few million revolutions. A possible ex- Siegfried Roseland Roseland 
planation for this behavior is that due to the ee tS 
extremely high) bearing pressures during 4 “Wottage. kilovolts..........7..... PPXN save ac 220 220 
this period, little or no lubrication is present 2. Distance, miles.................. ABT, chek es | Bee ae ee ee 
under the contact area. As the bearing Sa Frequency, cycles... 3.0500 seek OO Bah) scsseeieewe OO" Gere ee eee 60 
wears, the pressure drops until the oil film 4. Power, kilowatts sent out......... 185,000F seis stares os - ce 185,000 f 2 ae0s cme ee 185,000t 
is eventually able to support the load. B. Circuit arrangement 

There is no question but that many bear- 1. Number of circuits................... Ler tyetas e,acnetnstd as eee | PMN a So Sc a 
ings have been operated for long periods 2. an oie Switching 
without showing appreciable wear. The - Aaa cee 3 a ee SUC oBGrS NONE. oes oes crore Res eforie 2ie SEN OTIC vinipte epee ee None 
phenomena of just what initiates wear is mediate points, kilowatts........... Noné..854 ede ba. None ee eee eee None 
difficult to understand. Ithasbeentheaim 4: Synchronous condenser, 
of the authors to present Ann A permit a , Abe Saas Stes abe karaNa he NONE MrtenGrc-ar4 Stns eta are Notte; ci aaccte eee eee None 
logical explanation of the major factors that Gh Senditig end) ALctourieie eet 1s pe Ae EG 8 HLT 
influence watthour meter bearing life. At b: | Receiving end24. 25.) 13 Bi Bei RENO Serpe om = cy See eae a HLT 
this time it appears to be impossible to fully ® Grounding : 
explain every case. ¢ eee Edo leiden Segre afore tte nehs Solid PATER TOI inentic Solids (75024 ee oe nee Solid 

, ; Pee A cro to or Gitte CinhO Hye Gees EKG HE seers GG Gne ph OMe Olid Woa.ah ima ee ae Solid 

Mr. Holtz suggests it would have been 
worth while to publish the wear curve for a a Seay ae , 
well oiled steel pivot along with the curve of * ee eer eas a7 cioNeo BS cua tis Intersystem tie........: Intersystem tiey.......-.. Intersystem tie 
cobalt-tungsten shown in figure 7. Such a 3. Transient reactance 
curve was published in a previous article 4: Inertia constant 
(reference 1 of the bibliography) and for °° Damper winding 
that reason was omitted. D. Excitation system 

Professor Pullen brings up the point of  !. ©Fxciter response 
preforming the radius of the pivot contact =, Breakers and relays 
area to match the jewel. There has been no 1. Breaker speed, cycles: nan u eee ae sii rol PW HAIR any ies sche 3.5-8. 3.5-10 
change in pivot manufacturing methods to 2 Relaying, ty peta Phase: Directional Im- ..,(SameasitemI).. .. _ (Same = item I) 
allow the exact matching of the pivot and Bs 

Ground: Hi-speed Di- 


jewel radius. 

The radius of a pivot can be quite accu- 
rately ground while somewhat greater varia- 
tions are found in sapphire jewel cups. 


rectional Overcurrent 


3. Total time, cycles**........Phase: 9-75 


Phase: 9-75 Phase: 12-60 


Ground: 9-35 or 70-90 Ground: 9-35 or 50-100 Ground: 12-30 or 60 100 


; F. Lightning protection 
The hardness of boron carbide, figure 5, ia ower construction. see homer t Cel a a Steel. Steel 
was plotted in error and should be 19.7 in- i Cours MeN econ ooncccis (mary Oct OOK oo 70 Sn obe os orsoe O46 < DanC snide neat ae 2 
Steak 20. s oUnterpoises ! cc 24 eee INIONGS cerns 2 None except gndg..... (Same as item II) 


Figure 10 showing the oxidation of oils 


cable at high-res. 
tower footings 


should show a total range of acidity of 1.0 Avy Lnisulators sce tee Susp.: 16 5-3/4” Units. -Susp.: 16 or 18 5-3/4” ..Susp.: 14, 16, or 18 
per cent instead of 10 per cent. The ordi- units 5-3/4” units 
nates should be tenths of a per cent, the Deadend: 18—same ..Deadend: 18 or 20— Deadend: 18 or 20— 
. . . . s ‘5 i same same 
decimal points being omitted. 5. Lightning arresters.......... Plymouth Mtg. only....Plymouth IME ger only eee None 


The authors wish to express their appre- 
ciation for the favorable discussion of their 
paper by Doctor H. B. Brooks and by Mr. 
E. W. Allen. 
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* Note: 
and II. 


** Note: In certain cases of sequential tripping, 
} Note: Based on thermal limitations. 


Discussions 


High-speed directional impedance phase relays installed at Plymouth Meeting end of items I 


time given applies to first breaker only. 


ELECTRICAL ENGINEERING 


of Tastitute | Related Aaiivities 


Middle Eastern District Meeting 


and Student Branch Convention 


‘a OHIO, will be host toa 3-day 

meeting of the Middle Eastern District of 
the AIEE, October 138-15, 1937. The 
“meeting headquarters will be in the May- 
flower Hotel. The local committees have 
arranged an attractive technical program 
which consists of 6 sessions and a student 
session to be held during the mornings and 
have planned for the afternoons and even- 
ings interesting inspection trips, entertain- 
ment,andabanquet. In addition, a special 
program has been arranged for the women, 
who are especially urged to attend the 
meeting. 

Akron is called “The City of Opportu- 
nity.’’ It isa prosperous, enterprising indus- 
trial community with a population of 
255,000, ranking thirty-fifth in the United 
States as to population, but twelfth in the 
value of its manufactures. It is the world’s 
largest rubber manufacturing center and 
the dirigible-airship-manufacturing center 
of the United States. The committee has 
taken full cognizance of these industries 
in the arrangement of inspection trips. 


TECHNICAL PROGRAM 


A special effort has been made by the 
meetings and papers committee to arrange 
a technical program of a sufficiently diversi- 
fied nature to offer general appeal to those 
in the electrical engineering profession. To 
accomplish this, parallel sessions will be 
held each morning, as shown in the program. 

On Friday morning the student technical 
session will parallel the other 2 meetings. 
This session will be followed by a luncheon 
meeting in the Mayflower Hotel of Branch 
counselors and student chairmen. It is 
hoped that a minimum of conflict will occur 
on the part of those attending any particu- 
lar series of sessions. 


INSPECTION TRIPS 


Those attending the Middle Eastern Dis- 
trict meeting will have an opportunity to 
see a representative cross section of the 
manufacturing and points of interest in 
Akron and vicinity. Transportation on all 
inspection trips by bus will be available at 
a nominal cost for those who desire it. 

In addition to the scheduled inspection 
trips appearing on the program, a visit to 
the Goodyear Air Dock and the Goodyear 
Museum can be arranged for those inter- 
ested by consulting a member of the regis- 
tration committee in the hotel lobby. 

Trips that are desired should be indicated 
at the time of registration at the meeting. 
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Babcock & Wilcox Company 


The manufacturing operations of the Barberton 
plant to be seen will include the complete central 
station and industrial plant, high- and low-pressure 
steam boilers, pulverized coal equipment, econo- 
mizers, air heaters, etc. To those interested in 
power plant equipment this trip offers an unusual 
opportunity to see the fabrication processes in- 
volved in a wide field of manufacture. 


B. F. Goodrich Company 


Those choosing this trip will see those manufac- 
turing processes which characterize Akron as being 
“The Rubber City.’’ Starting with the crude 
rubber as it is received from the native plantation, 
it will be followed through the various stages of 
cutting, plastication, mixing, milling, tubing, and 
curing to become a finished product in the form of 
a tire or tube. 


Nela Park 


An extensive tour has been arranged to be made 
through Nela Park, Cleveland, for those registered 
at the District meeting. The laboratory trip is 
scheduled to begin at 3:00 p.m. and will show the 
methods of development and manufacture of 
lamps. Following the tour through the laboratory 
there will be a discussion on lamp development and 
lighting research after which an inspection of the 
General Electric Lighting Institute will be made. 


Dinner will be given to guests at 6:30 and followed 
by an evening of popular entertainment. 

Because of the many interesting displays of 
home applications this trip should be of equal 
interest to the ladies and has been arranged with 
this in mind, 


Ohio Brass Company 


An inspection of the Barberton plant of the Ohio 
Brass Company will be made starting from the 
main office building and will include inspection of 
the processes, production methods, and routine 
testing in the manufacture of high-voltage porce- 
lain insulators for both station and line use. The 
plant inspection will be followed by a demonstra- 
tion of normal-frequency and impulse tests on 
various insulator equipment. These tests will be 
made in the electrical testing laboratory. 


Daniel Guggenheim Airship Institute 


One of the main test stands of the Daniel Gug- 
genheim Airship Institute is the vertical wind 
tunnel. It provides a uniform open air stream 
61/2 feet in diameter. Wind velocity can be regu- 
lated in small steps from zero to 125 miles per hour. 
This wind tunnel is driven by a 225-horsepower d-c 
motor and propeller-type fan, the electrical system 
being provided with various automatic and hand 
regulators and safety devices. This wind tunnel 
was built primarily for lighter-than-air testing, but 
is now being used also for airplane and various 
other industrial tests, for example, for testing the 
wind resistance of buildings and radio towers, the 
streamlining of trains, ventilating and cooling, etc. 
Some of the models used in. such testing will be 
demonstrated. 

The whirling arm is a unique apparatus, being 
the only one now in use in the United States for 
aeronautical testing. It is an arm 32 feet in length, 
turning at a height of 10 feet above the ground with 


i i i iles southwest of 

Electrical testing laboratory of the Ohio Brass Company, Barberton, a few mi 

pein An inspection trip to this plant has been included on the program of the AIEE 
Middle Eastern District meeting to be held in Akron, October 13-1 5 
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Program 


Eastern Standard Time 


In this program, reference to the issue and, in so far as possible, to the page in ELECTRICAL ENGINEERING, is given for all papers. 


Wednesday, October 13 


9:00 a.m.—Registration 


9:45 a.m.—Opening of meeting 


Address of Welcome: Lee D. Schroy, mayor of 


Akron 


Response: I. Melville Stein, vice-president of 
Middle Eastern District 


10:15 a.m.—Selected Subjects 


Presiding: I. Melville Stein 


A Review oF Ravio INTERFERENCE INVESTIGA- 
TION, Frank Sanford and Willard Weise, Cincinnati 
Gas and Electric Company. 

Scheduled for October issue 


*NoTES ON RapIo INTERFERENCE, Grover Lapp, 
Lapp Insulator Company, Inc. 


*Rapio DisTURBANCE MBrASUREMENTS. W. S. 
Jennens and C. J. Miller, Jr., Ohio Brass Company. 


*] MPROVEMENTS IN MINE VENTILATION, Theodore 
Troller, Guggenheim Airship Institute. 


10:15 a.m.—Protective Devices 


Presiding: Russell Krammes 


*UsE OF ELECTRONIC TUBES FOR RELAY PURPOSES, 
E. E. George, Tennessee Electric Power Company. 


*TuEe ADVANCE IN INDUSTRIAL SWITCHGEAR, 
R. Paxton and F. E. Fairman, General Electric 
Company, 


*TuEr DESIGN AND TEST OF A HIGH-SPEED HIGH- 
INTERRUPTING-CAPACITY RAILWAY CIRCUIT 
BREAKER, W. F. Skeats and H. E. Strong, General 
Electric Company. 

2:00 p.m.—Inspection Trips 

1. Babcock & Wilcox Company, Barberton, or 

2. B. F. Goodrich Company, Akron 


7:30 p.m.—Inspection Trip 


Daniel Guggenheim Airship Institute 


* These papers are scheduled for presentation, 
but at the time of going to press they have not been 
accepted for publication. 


Thursday, October 14 


9:30 a.m.—Electrical Machinery 


Presiding: A.M. MacCutcheon 


*TRENDS IN THE DESIGN OF POWER TRANSFORMERS, 
L. H. Hill, Allis-Chalmers Manufacturing Com- 


pany. 
SINGLE-PHASE INDUCTION-MOTOR PERFORMANCE, 


A. F. Puchstein and T. C. Lloyd, Robbins and 
Myers, Inc. Scheduled for October issue 


*5,000-Kw. ExTRACTION TURBINE, W. S. Kramer, 
Westinghouse Electric & Manufacturing Com- 


pany. 
*ELECTRICAL APPLICATION IN RUBBER MILLS, John 


Grotzinger, R. S. Ferguson, and W. A. Brown, 
Goodyear Tire and Rubber Company. 


9:30 a.m.—Electronics 


Presiding: J. R. Martin 


Low-CurreEntT Icnirors, A. H. Toepfer, Westing- 
house Electric & Manufacturing Company. 
July, pages 810-12 


REGULATION OF GRID-CONTROLLED RECTIFIERS, 
L. A. Kilgore and J. H. Cox, Westinghouse Electric 
& Manufacturing Company. 

September, pages 1134-40 


*THE IGNITER-TYPE MERCURY ARC RECTIFIER AS A 
PoweER CONVERSION Unit, A. Lee Barrett, Pitts- 
burgh Coal Company. 


*MeErRcuRY ARC RECTIFIERS IN CHLORINE PRODUC- 
TION, L. J. Rimlinger, Pittsburgh Plate Glass Co. 


1:30 p.m.—Inspection Trip to Nela Park, 
Cleveland 


6:30 p.m.—Dinner at Nela Park 


8:00 p.m.—Popular Entertainment, Nela 


Park 


Friday, October 15 


9:30 a.m.—Iron and Steel 


Presiding: Wray Dudley 

Some Hicu LIGHTS IN THE Use oF ELECTRICITY IN 
STEEL Mits, E. G. Fox, Freyn Engineering Com- 
pany. September, pages 1115-23 


CARBON BRUSHES FOR STEEL Mitt EQUIPMENT, 
W. C. Kalb, National Carbon Company, Inc. 
September, pages 1165-8 


TENSION MEASUREMENT AND CONTROL IN COLD 
Srrie Roiiinc, C. M. Hathaway and F. Mohler, 


General Electric Company. 
September, pages 1141-4 


9:30 a.m.—Power Transmission and Dis- 
tribution 


Presiding: F. W. Funk 


*LIGHTNING-PROOF TRANSMISSION LINES, E. Hans- 
son and A. F. Bang, Pennsylvania Water and Power 
Company. 


LIGHTNING STROKES IN FIELD AND LABORATORY— 
II, P. L. Bellaschi, Westinghouse Electric and 
Manufacturing Company. 

Scheduled for October issue 


*PENNSYLVANIA RAILROAD ELECTRIFICATION, H. C. 
Griffith, Pennsylvania Railroad Company. 


*POSSIBILITIES OF DIRECT CURRENT POWER TRANS- 
MISSION USING ELECTRICALLY-CONTROLLED RECTI- 
FIERS AND INVERTERS, O. K. Marti, Allis-Chalmers 
Mfg. Co. 


*Cross CATENARY TRANSMISSION LINES FOR 
LIGHTNING AND Foc Conpitions, A. O. Austin, 
Consulting and Manufacturing Engineer. 


9:30 a.m.—Student Technical Session and 
Conference 


Papers to be presented by students from each of the 
following schools: 

Case School of Applied Science 

Ohio University 

Johns Hopkins University 

West Virginia University 

The University of Akron 


12:00 noon—Luncheon Meeting of Branch 
Counselors and Student Chairmen 


2:00 p.m.—lInspection Trip to Ohio Brass 
Company, Barberton 


7:00 p.m.—Banquet 

Presiding: Doctor W. E. Wickenden, president, 
Case School of Applied Science. 

A message from President W. H. Harrison 


Lighter-than-air craft will be discussed by Com- 
mander Rosendahl of the United States Naval 
Air Station, Lakehurst, N. J. 


MD in it Ma a. o. .,L ————————————————e 


a top speed up to 200 miles per hour. Airplane 
or airship models are attached to the end of this 
arm and their behavior in curved flight can be in- 
vestigated and the air forces determined by means 
of suitable instruments. A wind tunnel used in 
connection with this whirling arm makes it possible 
to duplicate the effect of atmospheric gusts on air- 
craft, when the model attached to the arm is made 
to traverse the open jet of this tunnel. The air 
forces in this case are recorded by means of dia- 
monds scratching on glass cylinders. 

Another test stand, just now in development, is 
a water tank, in which the free movement of an 
airship under the influence of gusts is imitated. 
Water is used to obtain kinematic and dynamic 
similarity. The airship model in this tank may be 
seen describing a path similar to that of an airship 
in flight in gusty weather. 
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Among the instruments to be demonstrated is a 
hot-wire anemometer, which is used for the meas- 
urement of rapid fluctuations of air velocity in 
magnitude and direction. This hot-wire ane- 
mometer, consisting essentially of thin platinum 
wires ina Wheatstone bridge, heated electrically and 
cooled by the moving air, is an important instru- 
ment for laboratory and atmospheric investiga- 
tions. 


WOMEN’S PROGRAM 
A special invitation is extended to the 


women to attend the District meeting with 
their husbands. 


been given the program of activities by the 


News 


Particular attention has 


ladies committee and everything will be 
done to make their visit an enjoyable one, 


October 13 


Morning—Registration 

Luncheon—Mayflower Hotel 

Afternoon—Garden pilgrimage, courtesy of Akron 
Garden Forum, Mrs. T. A. Chittenden, president 

Evening—Informal dinner dance 


October 14 


Morning—Portage Country Club. 
bridge 

Luncheon—Portage Country Club 

Afternoon—Nela Park, Cleveland 

Evening—Nela Park, Cleveland 


Golf, games, or 


ELECTRICAL ENGINEERING 


| : Future AIEE Meetings 


Middle Eastern District Meeting 
Akron, Ohio, Oct. 13-15, 1937 


Winter Convention 


New York, N. Y., January 24-28, 
1938 ‘ 


North Eastern District Meeting 
Pittsfield, Mass., Spring 1938 


Summer Convention ; 
Washington, D. C., June 20-24, 1938 


Pacific Coast Convention 
Portland, Ore., date to be determined 


October 15 


Morning—Blimp rides 

Luncheon—Y.W.C.A, 

Afternoon—Bridge-tea at the home of A. O. Austin, 
Barberton 

Evening—Banquet 


STUDENT CONFERENCE 


After the student technical session on 
Friday morning a luncheon conference of 
the Branch chairmen and counselors will be 
held in the headquarters hotel. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At the technical sessions, papers may be 
presented in abstract, 10 minutes being al- 
lowed for each paper unless otherwise ar- 
ranged or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is opened for general 
discussion. Usually 5 minutes is allowed to 
each discusser for the discussion of a single 
paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not deal- 
ing with the same general subject, he may 
be allowed a somewhat longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser is to step to the front of the room 
and announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared in 
advance should be left with the presiding 
officer. 

Other discussions to be considered for 


Table | Hotel Rates 


Cuyahoge Valley, Metropolitan Park, and high-level bridge in Akron, Ohio, in which city 
the forthcoming AIEE Middle Eastern District meeting will be held. The Gorge hydro- 
electric plant of the Ohio Edison Company may be seen just beyond the bridge, to the right 


publication should be typewritten (double 
spaced) and submitted in triplicate to C. S. 
Rich, secretary of the technical program 
committee, AIEE headquarters, 33 West 
39th St., New York, N. Y., on or before 
October 29, 1937. Discussion of unpub- 
lished addresses and papers need not be sub- 
mitted. 


HOTEL RATES 


Members should make room reservations 
by writing directly to the hotel of their 
preference. For convenience the rates of 
the headquarters hotel, the Mayflower, as 
well as the rates of other hotels are listed in 
Table I. 


ADVANCE REGISTRATION 


Members of the District who will attend 
the meeting should register in advance by 
returning the addressed advance-registra- 
tion card which they will receive by mail. 
This will be helpful to the registration com- 
mittee and permit badges to be prepared in 
advance and reduce the work necessary on 
the opening day to a minimum. 

A minimum registration fee of $2.00 will 
be charged all nonmembers except Enrolled 
Students and the immediate families of 
members. 


Single Single Double Double 

Hotel and Location Without Bath With Bath Without Bath With Bath Twin 
Mayflower (headquarters), é 

2590'S. Main St... <0. 0-1 $ ets . .$3.00 to 4.50. .3 B suas ..$5.00 to 6.50. .$5.50 to 6.50 
Portage, 10 N. Main St..... 1.75 a 200 t0 3.00... 270 .. 3.00 to4.50.. 4.00 to 6.00 
Akron , 92 E. Market St... 1.50 to1.75.. 2.00 to2.50.. 2.50 v. 2.00 to 3.00... 3.50 
Howe, 11 S. Main St....... snd Pease to 2n0 ; 8.00 to 3.25... 4.00 
Anthony Wayne, 314 S. 

Main St as hie arcrerei= sie isieiaieiel 1-50 tede752.) 2.5040 2.75..2.50'toa.00 «. 4.00 to 4,50... 

News 
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COMMITTEES 


The committees handling the various 
phases of the work in connection with the 
meeting are as follows: 


District Meeting Committee: W. H. Harrison, I. 
Melville Stein, H. A. Dambly, A. G. Ennis, Paul 
Frederick, Warren C. Kalb, E E. Kimberly, E. O. 
Lange, and O. C. Schlemmer, 

General Committee: Harold L. Brouse, chairman; 
A. O. Austin, Ralph Higgins, R. A. Hudson, H. C. 
Paiste, Harold H. Schroeder, V. W. Shear, and 
J. T. Walther. 

Meetings and Papers Committee: A. O. Austin, 
chairman; T. F. Brandt, S. C. Henton, and H. L. 
Rorden. 

Entertainment and Reception Committee: R. A. 
Hudson, chairman; Thomas Dee, R. P. Dunmire, 
W. C. Fick, Fred Nimmer, R. C. Putnam, A. P. 
Regal, W. A. Smith, and William H. Tucker. 
Hotels and Registration Committee: Verne W 
Shear, chairman; George G. Clark, H. D. Duncan, 
F. A. Green, and P. C. Smith. 

Transportation and Inspection Committee: H. C. 
Paiste, chairman; E. B. Crane, T. J. Newman, and 
N. W. Wing. 

Student Sessions Committee: J. T. Walther, 
chairman; Kenneth Burgan, Carl Delagrange, 
Robert Miller, and P. D. Remark. 

Attendance and Publicity Committee: Harold H. 
Schroeder, chairman; P.S. Bechtol, R. W. Drushel, 
and Louis McConaghy. 

Finance Committee: Ralph Higgins, chairman; 
John Grotzinger, R. R. Krammes, and A. L. Rich- 
mond. 

Women’s Committee: Mrs. Ralph Higgins, chair- 
man; Mrs. A. O. Austin, Mrs. J. W. Funk, Mrs. 
R. A. Hudson, and Mrs. Verne W. Shear. 


ASME Fall Meeting. Papers on power, 
railroads, fuels, and petroleum are planned 
for the 1937 fall meeting of The American 
Society of Mechanical Engineers, which will 
be held at Erie, Pa., October 4-6. Inspec- 
tion trips to several industrial plants, in- 
cluding that of the General Electric Com- 
pany at which railroad equipment and re- 
frigerator bodies are made, have been 
planned. 
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Additional Awards for 
1936 Institute Papers 


In addition to the national and District 
prize awards for papers presented before the 
Institute during 1936 announced in ELEc- 
TRICAL ENGINEERING for June 1937, page 
756, the awards for Districts 5 and 8 have 
now been announced. These awards are: 


District 5 


Prize for Branch paper awarded to Orville A. Beck- 
lund for his paper “An Artificial Ear for Sound 
Measurements,” presented at a joint meeting of 
Minnesota Section and University of Minnesota 
Branch, April 21, 1937. 


District 8 


Prize for best paper awarded to Joseph S. Carroll 
(A’24, M’37) and John A. Koontz Jr., (A’11, M’20) 
for their paper ‘‘Cable Vibration— Methods of Meas- 
urement,” presented at the summer convention, 
Pasadena, Calif., June 22-26, 1936. 


Prize for initial paper awarded to Otto A. Knopp 
(A’09, M’34) for his paper ‘“‘Some Applications of 
Instrument Transformers,’’ presented at the sum- 
mer convention, Pasadena, Calif., June 22-26, 1936. 


ECPD Offers 
Guides to Engineers 


A pamphlet containing suggestions to 
junior engineers and another presenting a 
list of university extension facilities through- 
out the United States have been prepared 
by Engineers’ Council for Professional 
Development. These pamphlets, together 


with 5 bibliographical pamphlets described 


in ELEcTricAL ENGINEERING for August 
1937, page 1060, are intended to guide en- 
gineers in postcollegiate study. 

In “Suggestions to Junior Engineers,” 
a questionnaire is given to aid making a 
personal appraisal and a reading list to 
serve as a basis on which the nontechnical 
culture of the engineer can be continued. 
The pamphlet giving university extension 
facilities presents the scope of 54 courses 
and indicates their availability through 
class or correspondence study at more 
than 30 American institutions. The sepa- 
rate pamphlets can be had for 10 cents each, 
or for 5 cents each in lots of 50 copies, as- 
sorted if desired. Requests should be 
sent to Engineers’ Council for Professional 
Development, 29 West 39th Street, New 
York, N. Y. 


Chemical Industries to Hold Exposition. 
Plans for The Sixteenth Exposition of 
Chemical Industries, to be held at Grand 
Central Palace, New York, N.Y., De- 
cember 6-11, 1937, are progressing rapidly. 
A feature of the exposition will be the 
award of a prize of $250 in cash to the per- 
son submitting the ‘“‘best descriptive ex- 
pression encompassing the purposes and 
the benefits redounding to the common 
good from the activities of the chemical 
industries.”’ Raw materials, finished prod- 
ucts, plant equipment, and machinery and 
apparatus will constitute major sections 
of the exhibits. Metals and alloys and the 
newer synthetic plastics and molded prod- 
ucts likewise will be featured. Admission 
will be without charge, by registration or 
invitation only, and no tickets will be sold. 


Membership— 
Mr. Institute Member: 


with this organization. 


the preceding one. 


want to thank you. 


greater. 


Progress commands respect and admiration. 
forward consistently and the progress made in membership growth is 
just one of the many reasons for the pride we feel in being identified 
There has been a steady gain in members 
during the past few years, and each year has had a larger gain than 
This progress was possible only because of the 
active assistance and support of the members—not only the officers 
and committeemen, but you and you. 


Another year began on August 1. 
new committees, and, of course, new members. 

We are hopeful that the growth in members in this coming year may 
be greater than last year’s increase. 
We are again counting on your support. 


ba2i. gl 


Chairman National Membership Committee 


Our Institute has gone 


We appreciate your help and 


There will be new officers, 


With your help it will be 


1208 


News 


Aluminum Company 
Plans Expansion 


Expenditures which may finally reach 
$15,000,000 will be necessary to provide 
added facilities for production of virgin 
aluminum and for additional fabricating 
units, electrical installations, housing fa- 
cilities, and other auxiliary equipment 
in an expansion program contemplated by 
the Aluminum Company of America at 
Alcoa, Tenn. This expansion will require 
many additional employees with the like- 
lihood that the present force of approxi- 
mately 5,000 will be doubled when the 
program iscompleted. A contract with the 


Tennessee Valley Authority has been signed ~ 


whereby the company secures at an early 
date a large quantity of power to augment 
the present supply from its own hydro- 
electric system. 

Aluminum Company of America was 
attracted to this section more than 25 years 
ago because of the hydroelectric possibili- 
ties for an industry which finds cheap power 
one of the prerequisites for manufacture of 
its product at a price at which it can com- 
pete with other materials. Despite the 
fact that all the raw materials except power 
have to be brought into the state, the com- 
pany found it desirable constantly to ex- 
pand operations at Alcoa where the annual 
output now represents about 30 per cent 
of the virgin aluminum produced in the 
United States. Fabricating operations at 
Alcoa have been an important part of the 
company’s manufacturing plants for semi- 
finished and finished aluminum, for many 
years the largest aluminum sheet and plate 
mill in the country being located at this 
point. 

To provide power for existing opera- 
tions, the company has developed 3 large 
hydroelectric projects on the Little Ten- 
nessee River and its tributaries at Calder- 
wood, Cheoah, and Santeetlah. It has 
several other dam sites for future use, one 
of which, on the Nantahala River, is al- 
ready partially developed. Application for 
the completion of several of these projects 
is about to be made to governmental 
authorities. 

In addition to the large sums spent in 
Tennessee and western North Carolina for 
power projects to serve the Alcoa works, 
the company has its own hydroelectric 
plants oa the Yadkin River to provide 
power for an aluminum works at Badin, 
N.C. Most recent announcement of expan- 
sion in that section was the statement 
within the past month that the company is 
building a dam at Tuckertown. 


Engineering Society of Detroit Receives 
Gift. Total endowment of The Engineering 
Society of Detroit, successor to the Detroit 
Engineering Society, has reached $1,000,000 
with a second gift of $500,000 from The 
Horace H. and Mary A. Rackham Fund. 
The purpose of this gift is to provide a suit- 
able building to be used by the society as a 
permanent home; income from the first 
half-million-dollar gift is to be used for 
operating expenses. The Engineering So- 
ciety of Detroit isan entirely new organiza- 
tion with 12 affiliated groups and a member- 
ship which numbers nearly 3,000. 
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Student Training in 
Air Conditioning 


An extensive educational program de- 

signed to attract young men into the air- 

conditioning industry has been begun by 
the General Electric Company. The plan 
is modeled after the test courses started 

by the company in 1888. 

_ The new program, although sponsored 
by the company itself, will be worked out 
through its distributors in the field, in the 

belief that the distributor organization 

_ offers wider practical experience and greater 

possibilities for the employment of the 

students. It will be open primarily to 

: graduates of colleges, technical schools, 

and high schools who desire to establish 

themselves in the industry, but in special 
instances it may be open to men who have 
been otherwise employed, provided they 
demonstrate potential capabilities for the 
business. Because many phases of air- 
conditioning work involve engineering prob- 
lems, the opportunity is generally greatest 
for those who have had technical training. 
Practical manuals, courses, and distrib- 
utor training activities have been designed 
by the General Electric air-conditioning 
department. They will be augmented by 
various forms of instruction in the field by 
district managers and factory men. Ap- 
plications for training should be made to 
distributors or to the headquarters of the 
air-conditioning division of the company 
in Bloomfield, N. J. 


Conference Board 


Elects Officers 


At its 21st annual meeting, the National 
Industrial Conference Board elected offi- 
cers for the ensuing year. Elon H. Hooker, 
president of the Hooker Electrochemical 
Company, was elected chairman, and John 
Henry Hammond was elected honorary 
chairman. Doctor Virgil Jordan contin- 
ues as president and chief executive of the 
board. 

The following vice-chairmen were elec- 
ted: Irenée du Pont, director, E. I. du Pont 
de Nemours and Company; E. Kent Hub- 
bard, president, Manufacturers Associa- 
tion of Connecticut; Hon. Walter J. Koh- 
ler, chairman, Kohler Company; and 
W. Gibson Carey, Jr., president, Yale and 
Towne Manufacturing Company. Fred 
I. Kent, director of the Bankers Trust 
Company, was re-elected treasurer. Mem- 
bers of the executive committee elected 
for the ensuing year are: 


Neal Dow Becker, president, Intertype Corpora- 
tion, Brooklyn, N. Y. : 

E. R. Behrend, president, Hammermill Paper Com- 
pany, Erie, Pa. 

Philip E. Bliss, president, The Warner & Swasey 
Company, Cleveland, Ohio 

Walter S. Case, president, Case, Pomeroy & Com- 
pany, New York, N. We J 

S. Bayard Colgate, president, Colgate-Palmolive- 
Peet Company, Jersey City, N. J. } : 
Arthur M. Collens, president, Phoenix Mutual Life 
Insurance Company, Hartford, Conn. : / 
John F. Deasy, vice-president, Pennsylvania Rail- 
road Company, Philadelphia ' 

William C. Dickerman, president, American Loco- 
motive Company, New York, N. Y. ; 
James F. Fogarty, president, The North American 
Company, New York, N. Y. 
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David M. Goodrich, chairman, The B. F. Goodrich 
Company, Akron, Ohio 

De Forest Grant, chairman, Federal Seaboard 
Terra Cotta Company New York, N. Y. 

R. J. Hamilton, president, American Radiator 
Company, New York, N. Y, 

John Henry Hammond, Hines, Rearick, Dorr & 
Hammond, New York, N. Y. 


Howard Heinz, president, H. J, Heinz C 
Pittsburgh, Pa. ‘ ied 


J. Taber Loree, vice-president, The Delaware and 
Hudson Railroad Corporation, Albany, N. Y. 
Thomas Luke, president, West Virginia Pulp and 
Paper Company, New York, N. Y. 

Auguste G, Pratt, president, The Babcock and Wil- 
cox Company, New York, N. Y, 

A. W. Robertson (A’27), chairman, Westinghouse 


a & Manufacturing Company, Pittsburgh, 
‘a. 


David Sarnoff (M’'23), president, Radio Corpora- 
tion of America, New York, N. Y. 


Malcolm B. Stone, president, Ludlow Manufac- 
turing Associates, Boston, Mass. 


J. A. Sweetser, president, Bigelow-Sanford Carpet 
Company, New York, N. Y. 


Conference board councilors include: 


Eugene G. Grace, president of the Bethlehem Steel 
Company 


Cornelius F, Kelley, president of the Anaconda 
Copper Mining Company 

L. F. Loree, president of the Delaware and Hudson 
Railroad Corporation 

Hon. Andrew W. Mellon, Pittsburgh, Pa. 

George M. Verity, chairman of the American 
Rolling Mill Company 

Owen D. Young, chairman of the General Electric 
Company 


Isle Maligne Plant 
Reaches Designed Capacity 


With the completion of the current in- 
stallation of the twelfth 33,500-kva 112.5- 
rpm hydroelectric unit, the Isle Maligne 
Hydroelectric power station at the head of 
the Saguenay river about 100 miles north 
of Quebec will have been brought to the 
ultimate of its designed capacity of some 
402,000 kva. 

Described as ‘‘the largest single installa- 
tion in water power development ever 
undertaken”’ up to that time, by the late 
W. S. Lee in his paper ‘Hydroelectric 
Development of the Saguenay River,” 
(AIEE Trans., v. 44, 1925, pp. 722-36), 
the project was authorized in December 
1922, and the plant went into operation 
in 1925 with 8 units installed and space 
provided for 4 more. Located at the 
outlet of Lake St. John, the station is 
authorized to use the storage capacity of 
that lake between “ordinary low water 
and ordinary high water.’’ Surveys estab- 
lished the permissible depth variation at 
17.5 feet. which corresponded to an area 
variation from 328 square miles at low 
water to some 408 square miles at high 
water, and made available effective storage, 
of an estimated 187.1 billion cubic feet, 
adequate to serve effectively for the esti- 
mated 30,000-square-mile run-off area. 
Median operating head is 110 feet. 

The magnitude of the project, its far- 
northerly location and the consequent 
severe winter weather conditions, and its 
distance from centers of transportation 
and civilization, made the project one of 
especial interest at the time of its con- 
struction. As described and discussed in 
some detail by Mr. Lee, ‘‘the design and 
layout of the construction plant were given 
as much attention....as the design of the 
power house.” 
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. pacity to 600,000 pounds per hour. 


Ford of Canada 
to Expand Power Plant 


A power plant expansion program to cost 
about $3,500,000 has been undertaken by 
the Ford Motor Company of Canada, Ltd., 
at its Windsor plant, according to a recent 
announcement. The program provides for 
increased output, lower production cost, 
and the use of some of the original equip- 
ment without enlarging the present plant 
building. 

The original plant consisted of 3 boilers 
each having a capacity of 100,000 pounds 
of steam per hour, each at a pressure of 235 
pounds per square inch and a temperature 
of 580 degrees Fahrenheit; space was pro- 
vided for a fourth boiler. Two turbogenera- 
tors were used, with capacities of 10,000 
and 5,000 kw, respectively. When the 
present program is completed, the genera- 
ting capacity will have been increased to 
35,000 kw and the steam generating ca- 
The 
ultimate development contemplated to be 
undertaken in the future will have a maxi- 
mum output of 45,000 kw and a steam 
generating capacity of 800,000 pounds per 
hour. 

The program now under way will include 
the installation of 3 new boilers and 2 new 
turbines, one of which will be a superposed 
unit exhausting into the existing 10,000- 
kw turbine. After careful study, a tur- 
bine throttle pressure of 800 pounds per 
square inch and temperature of 800 degrees 
Fahrenheit were selected as being most 
economical for this installation. 

The 800-pound-pressure turbogenerator 
will be a 5,000-kw unit and will exhaust at 
175 to 200 pounds pressure and 500 to 600 
degrees Fahrenheit into the existing low- 
pressure 10,000-kw condensing turbogen- 
erator, and in addition will supply steam 
for high-pressure process use. The other 
turbogenerator to be installed will be a 
20,000-kw condensing double-bleeding unit. 
Both bleed points will be automatically con- 
trolled so that the turbine will furnish high- 
pressure process or low-pressure heating 
steam. 


Electrical Companies 


to Exhibit at 1939 Fairs 


Plans for electrical exhibits at the New 
York World’s Fair and the Golden Gate 
International Exposition are progressing 
rapidly, and several large electrical com- 
panies already have signed leases for ex- 
hibition space in the fair buildings or have 
contracted for lots on which they will 
erect their own exhibition structures. 

Although no definite plans for individual 
company exhibits have been made public, 
the Westinghouse Electric & Manufactur- 
ing Company, which has contracted for a 
floor space of 10,922 square feet in the 
projected Electrical Production Building 
(see accompanying illustration) of the 
New York World’s Fair, has announced 
that its exhibit will include demonstrations 
of scientific research and electrical appli- 
cations in air conditioning, transportation, 
and lighting equipment, radio, television, 
and X rays. The General Electric Com- 
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Photograph of a scale model of the Electrical Production Building to be constructed for the 
1939 World's Fair at New York 


pany, expecting to present an amplification 
of its ““House of Magic,’”’ a series of dra- 
matic demonstrations of the achievements 
of electrical research, has signed a contract 
for a lot 68,339 square feet in area upon 
which it will build its own exhibition struc- 
ture. 

The Radio Corporation of America 
likewise has contracted for a lot space of 
81,699 square feet. David Sarnoff (M’23) 
president, in describing the World’s Fair 
plans of RCA said that the exhibit would 
show “ . . . how radio safeguards the pas- 
sage of ships at sea, and the flight of ships 
in the air, . . . how photographs are trans- 
mitted across the ocean by radio, ... the 
most modern equipment for recording sound 
in motion-picture studios and reproducing 
it in theaters.’”’ Other attractions will 
include a radio communications center at 
the fair, so that visitors may send radio- 
grams to any part of the world, an actual 
demonstration of what goes on behind the 
scenes in radiobroadcasting, and a public 
demonstration of television, whatever its 
status may be at the time of the exposition. 

Other companies that have contracted 
for building space at the New York fair 
include: Bell Telephone System, 139,400 
square feet (see June 1937 issue, page 766); 
Consolidated Edison Company of New 
York, Inc., 75,183 square feet; Johns- 
Manville, 29,317 square feet; American 
Gas Association, 122,008 square feet; 
and United States Steel Corporation sub- 
sidiaries, 55,166 square feet. 

The Electrical and Communications 
Exhibits Building at the Golden Gate 
International Exposition will occupy a 
ground area of 89,400 square feet near the 
main portal of the exposition grounds. 
Westinghouse Electric & Manufacturing 
Company, General Electric Company, and 
the Bell Telephone System have signed 
contracts for exhibition space, and have 
indicated broadly the nature of their ex- 
hibits. The Westinghouse display will 
occupy nearly 5,000 square feet, and is 
expected to be a comprehensive showing 
of products for industry and household, 
mostly operating demonstrations of a 
scientific and educational character. The 
General Electric exhibits will be similar 
to those at the New York fair. The Bell 
System exhibit, which will occupy a space 
of approximately 7,000 square feet in the 
electrical building, will provide demon- 
strations in which the visitors themselves 
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will participate, and will present new fea- 
tures in communications devices. The 
demonstration equipment is being designed 
by Bell Telephone Laboratories, Inc., will 
be erected by the American Telephone and 
Telegraph Company, and will be operated 
by The Pacific Telephone and Telegraph 
Company. 

Several foreign nations have completed 
negotiations for sending scientific and com- 
mercial exhibits to both fairs, and many 
others have signified their intentions of 
being represented. 


Swedish Engineers Plan 1,500-Kilometer 
Line. Leading Swedish electrical engineers 
recently met in Stockholm to discuss prob- 
lems of the electrical industry in that 
country, among which was a consideration 
of the possibility of transmitting to southern 
Sweden the energy produced in the rich 
waterpower sources of the far North. A 
line from Krangede, in northern Sweden, 
to Malm6, in the extreme South, a dis- 
tance of 1,000 kilometers (621 miles) al- 
ready is under construction, and a 1,500- 
kilometer (930-mile) line is being considered. 
Aluminum is being used in increasing 
amounts in the construction of these long 
Swedish lines, and the Stockholm con- 
vention of engineers paid a visit to a mod- 
ern aluminum plant producing 2,000 tons 
of aluminum per year electrolytically, with 
a power consumption of 40,000,000 kilo- 
watt-hours of electrical energy. 


Standard for Welding Electrodes. The first 
draft of a specification for coated electrodes 
for structural steel has been issued by the 
French committee for welding standards. 
Eleven diameters (0.04 to 0.51 inch) and 
4 lengths (6 to 18 inches) are standardized. 
Four standard colors are given to electrodes 
according to their mechanical properties. 
Mechanical properties are determined on 
all-weld-metal specimens machined from a 
deposit made in an angle iron 10 inches long. 
The speed of welding must be such that the 
corners of the angle iron do not become red. 
Copies of the draft have been ordered by 
the American Standards Association for use 
of its members. 


News 


New Generating Unit 
to Use 2,400-Pound Steam 


According to a recent announcement of 
the American Gas and Electric Company, 
a new steam-electric generating unit to 
operate at the record pressure of 2,400 


pounds per square inch and temperature | 


of 940 degrees Fahrenheit will be installed 
in the Twin Branch station of one of its 
subsidiaries, 


the Indiana and Michigan ~ 


Electric Company, Mishawaka, Ind. The 


decision to use such high pressure and tem- 
perature is the outcome of studies in high 
temperatures and pressures for generating 
units made by engineers of the company 
with the object of reducing plant invest- 
ment and increasing operating efficiency, 
with full consideration to the financial 
soundness of investment. 

The new unit will have a rating of 62,500 
kw and will consist of a 22,500-kw 2,400- 
pound-pressure turbogenerator, cross-com- 
pounded with a new 40,000-kw 400-pound- 
pressure turbogenerator. This unit, to- 
gether with the 2,500-pound-pressure boiler 
and accessory equipment, will entail an 
expenditure of some $4,000,000. 


Westinghouse Creates 
“New Products” Division 


Responsibility for developments either 
new in the art or not previously undertaken 
by the company has been centralized by the 
Westinghouse Electric & Manufacturing 
Company of East Pittsburgh, Pa. in a newly 
formed ‘“‘new products” division, according 
to a recent announcement. Functioning 
the same as the other operating units of the 
company, this division will include separate 
engineering, manufacturing, and sales de- 
partments. 

The division will concentrate its facilities 
in developing and broadening the field of 
applications of products that have not 
reached the status of commercial apparatus. 
Then, after the field for each’new product 
has been determined and the product has 
passed through the initial plant stage, the 
product will be taken over by one of the 
regular divisions. It is stated also that the 
new division will be responsible for training 
a staff that will be ‘‘adequate for the further 
promotion of the product.’’ 


Technological Trends Studied by Govern- 
ment. New inventions necessitate con- 
stant revision of national policies, accord- 
ing to a report of the National Resources 
Committee on ‘‘Technological Trends and 
National Policy,’ recently released by 
Chairman Harold L. Ickes, Secretary of 
the Interior. The first report on the 
science resources of the United States deals 
with new inventions and their social im- 
plications and calls attention to the need 
for planning to meet the new situations 
caused by technological advance. Pre- 
pared by a large group of scientists and 
engineers, the report ‘‘presents a survey of 
most of the fields of technology and applied 
science. ” The National Resources 
Committee urges that a series of continu- 


ELECTRICAL ENGINEERING 


ous studies be undertaken by existing 
planning boards and by appropriate agen- 


cies developed by the Federal Government, 
with the definite function of investigating 
and reporting on the progress and trends 
of science and invention, and the possible 
social and economic effects that may follow 
them. The report recommends that to 
study the technical aspects of the question 
the science committee of the Natural Re- 
sources Committee make an investigation 
of the adequacy of reporting on inventions 
and discoveries and advise on the feasi- 
bility of more balanced coverage, of select- 
ing those more socially significant, and 
of assembling such data in some central 
location. Copies of the report are avail- 
able from the Superintendent of Docu- 
ments, Washington, D. C. 


More Boulder Dam Generators. Con- 
tracts for the supply of 2 additional turbo- 
generator units to increase the generating 
capacity of the Boulder Dam plant to half 
of its full projected value of 1,835,000 
horsepower recently were awarded. The 
new turbines, vertical-shaft units rated at 
115,000 horsepower each, are to be con- 
structed by the Allis-Chalmers Manufac- 
turing Company. Contracts for the 
generating equipment were awarded to 
the Westinghouse Electric & Manu- 
facturing Company. Already _ serving 
the city of Los Angeles and other mu- 
nicipalities in southern California are 4 3- 


phase 60-cycle units, each rated at 82,500 - 


kva, with an output voltage of 16.5 kv. 
Of these, 2 were manufactured by the 
General Electric Company and 2 by the 
Westinghouse Electric & Manufacturing 
Company; in addition, the General Electric 
Company now is constructing 2 similar 
units, which will be completed in 1938. 
The units just contracted for will be ready 
for operation in 1939 and 1940. 


New York Building Code Now Permits 
Welding. A new building code for the 
city of New York, N. Y., to become effec- 
tive January 1, 1938, permits the use of 
welding in place of riveting in steel con- 
struction work. Previously, welding was 
prohibited because the existing code was 
formulated before modern welding methods 
were evolved. This action is congruous 
with New York’s recent noise-abatement 
campaign; moreover, welded steelwork is 
advantageous in several other ways, being 
lighter, stiffer, creating more compact 
joints, and effecting an appreciable saving 
in the amount of steel required. 


Power Exposition to Be Held. The Chicago 
(Ill.) Exposition of Power and Mechanical 
Engineering, to be held at the New Inter- 
national Amphitheatre, October 4-9, 1937, 
is expected to be one of the largest events 
of its kind ever held in the Midwest area, 
according to plans of its sponsors. Ad- 
vance reports of machines and materials 
to be exhibited are said to be comprehen- 
sive and of interest to both executives and 
operators in the power and mechanical- 
engineering fields. 
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Standard Symbols for Welding. Real- 
izing that welding cannot take its place 
as an engineering tool unless suitable means 
for conveying explicit information from 
designer to workman are provided, the 
American Welding Society has derived 
and published a set of standard welding 
symbols covering both fusion and resist- 
ance welding. The symbols, which are 
ideographic, have been made as simple as 


Given: liems Peon 


possible, and are based upon a principle 
of having the most common form of any 
weld require a minimum of numerical data, 
In effect the system amounts to a shorthand 
system with which a large amount of in- 
formation may be transmitted in a few 
simple lines and figures. Complete infor- 
mation may be obtained from the Ameri- 
can Welding Society, 33 West 39th Street, 
New York, N. Y. 


Patsericrr | Eno Council 


Who's Who 
in Engineering 


Engineers and engineering organizations 
have a new directory and biographical dic- 
tionary in the fourth edition of ‘‘Who’s 
Who in Engineering,” which has just been 
published by the Lewis Historical Publish- 
ing Company, Inc., 8th Avenue and 14th 
Street, New York, N. Y. It is well done and 
is a most excellent reference volume. Inad- 
dition to the biographical dictionary this 
issue carries a comprehensive list of en- 
gineering organizations in the United States 
and brief descriptions of each of several 
functional instrumentalities of engineering 
societies. 


Coal Price 
Fixing Is Here 


Twenty-three district boards of code 
members managed by the National Bitumi- 
nous Coal Commission Yin the Invest- 
ment Building at 15th and K Streets, N. W., 
Washington, D. C., came into existence on 
June 21, 1937. All are authorized by the 
Guffey or Bituminous Coal Act of 1937, 
entitled ‘“‘An act to regulate interstate 
commerce in bituminous coal and for other 
purposes.” The principle objectives are 
the establishment of marketing rules and 
regulations, fixing minimum and maximum 
prices, and the prevention of unfair com- 
petition in the bituminous-coal industry. 

The Bituminous Coal Act of 1937 also 
created a Consumers’ Counsel to provide 
protection for all consumers of bituminous 
coals in the United States. The counsel 
has established headquarters in the Tower 
Building at 14th and K streets, N. W., 
Washington, D. C. “It shall be the duty 
of the Consumers’ Counsel to appear in the 
interest of consuming public in any pro- 
ceedings before the Commission, to offer 
testimony, examine witnesses or parties to 
the proceedings,’ and to have the Com- 
mission certify to information or conduct 
investigations of conditions believed to be 
responsible for unfair consumer prices. 

American Engineering Council has been 
asked to assist Consumers’ Counsel and 
the Commission with the location of engi- 
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neers and engineer executives experienced 
in the several phases of the bituminous- 
coal industry and it has been invited to 
co-operate in bringing the objectives of 
these regulatory bodies to the attention of 
all engineers connected with or interested 
in bituminous-coal production, distribution, 
and consumption. Both agencies are seek- 
ing engineering advice and assistance with 
efforts being made to improve the soft- 
coal situation in the public welfare. 

Engineering societies are urged to ac- 
quaint individual engineers and committees 
with the fact that the coal agencies ‘‘are 
now attempting to help establish fair mini- 
mum and maximum prices and are spon- 
soring the promulgation of rules and regu- 
lations regarding the production, market- 
ing, and use of bituminous coal which may 
have far reaching effects on all fuel users 
as well as all fuel producers, dealers, etc.”’ 
Results of such efforts are likely to change 
power and other industrial costs for which 
certain engineers may be directly or indi- 
rectly responsible 

Copies of the ‘‘Bituminous Coal Act of 
1937, the Bituminous Coal Code, Taxes 
on the Sale or Other Disposal of Bituminous 
Coal, and Rules of Practice and Procedure 
before the National Bituminous Coal Com- 
mission”? may be obtained directly from 
the agencies named, from the National 
Coal Association in the Southern Building, 
or from the Government Printing Office 
in Washington, D. C. The Counsel and 
the Commission invite correspondence and 
co-operation calculated to improve the 
present bituminous coal situation. 

Most of the activities of these soft-coal 
agencies involve problems of more concern 
to trade associations than professional so- 
cieties, but questions of potential impor- 
tance to engineers employed in industry as 
well as those in consulting and private 
practice are having serious consideration. 
It is, therefore, suggested that engineers 
who are concerned with any phase of the 
bituminous-coal industry or the use of 
soft coal in other industries be urged to 
keep themselves advised regarding what 
is being done by these government regu- 
latory bodies with soft-coal prices and the 
control of production, distribution, and 
consumption. 

Consumers’ counsel is John C. Carson of 
Michigan, former secretary to the late 
Senator Couzens. His principal assistants 
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are Ellery P. Gordon and W. L. Chandler. 
The commission is: Chairman, Charles F. 
Hosford, Jr., of Pennsylvania; Pleas E. 
Greenlee of Indiana, Thomas S. Hammond 
of Kentucky, John C. Lewis of Iowa, Wal- 
ter H. Maloney of Missouri, C. E. Smith 
of West Virginia, and Percy Tetton of 


Ohio. Although the National Bituminous 
Coal Commission and the Consumers’ 
Counsel were created jointly by the Bitu- 
minous Coal Act of 1937, they function as 
independent agencies of the Department 
of Interior under the administrative control 
of Secretary Ickes. 


Letters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


AIEE 
Publications 


To the Editor: 


The recent discussion at the summer 
convention in Milwaukee, Wis., regarding 
Institute publications prompts me to send 
the following comments. 

At the outset I want to express my keen 
appreciation of the excellent work that 
has been done by the publication com- 
mittee and of the able manner in which the 
editorial work of ELECTRICAL ENGINEERING 
has been conducted. As a regular con- 
tributor to Institute publications I have 
had full co-operation. The work has been 
efficiently conducted and speedily and 
accurately executed. Nor is my experience 
unique in this respect. I believe that a 
survey will show that other contributors 
have a similar reaction to Institute publi- 
cations. 

Tam also mindful of the excellent serv- 
ices rendered to the Institute by the 
technical program committee. They have 
given us excellent technical programs at all 
Institute conventions. They have intro- 
duced technical conferences at which ideas 
are exchanged freely by authorities in the 
field, Through their efficient and capable 
secretary they have given contributors 
prompt and courteous service which is 
beyond criticism. 

It is not in the administrative aspects 
of Institute publications that the fault 
lies, it is rather in the quality of the articles 
that are submitted for publication. 

If one were to classify the Institute mem- 
bership according to their interests he 


would find the following classes: 
a. The highly-specialized analytically-inclined 
members. This group comprises a rather small 
minority of the Institute membership. Gs si 
technically strong and is responsible for the ma- 
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jority of the papers published in ELmcrricaL 
ENGINEERING and the TRANSACTIONS. 


b. The practicing engineers whose work is of a 
technical nature and who like to keep up with the 
progress of the art but who are not sufficiently 
specialized or analytically inclined to read and 
understand the majority of the published work. 
This group constitutes, by far, the largest minority 
(if not a majority) of the Institute membership. 


c. The student and cadet engineers who have no 
practical background but who will form the future 
backbone of the Institute. They constitute a 
sizeable minority of the membership. 


A few would question the fact that 
Institute publications should be so designed 
as to meet the needs and requirements of 
all the membership. The problem is how 
to modify the publications so as to ac- 
complish this result. 

I wish to submit a plan which would 
seem to solve this problem and which 
follows closely the general plan presented 
by the publication committee and has for 
its object the endorsement of the policies 
submitted by that committee. The plan 
consists of making the TRANSACTIONS and 
ELECTRICAL ENGINEERING 2 entirely dis- 
tinet publications. 

The TRANSACTIONS would comprise ex- 
clusively highly technical and highly spe- 
cialized papers which contain new contri- 
butions to the art. Such papers would be 
submitted to the various technical com- 
mittees of the Institute and would be ear- 
marked by these committees as worthy of 
presentation at Institute conventions and 
of publication in the TRANSACTIONS. The 
TRANSACTIONS would thus become a pub- 
lication which satisfies the needs of group 
a of the membership. 

The journal ELEcTRICAL ENGINEERING, 
since it is received by all the members of 
the Institute, would comprise articles of 
interest to the membership at large (groups 
a, b, and c). Papers published in Eurc- 
TRICAL ENGINEERING would also be sub- 
mitted to the various technical committees 
but would be earmarked by these com- 
mittees for publication in the journal. 
Such articles need not contain new con- 
tributions. The following types of articles 
might properly be published in ELEcTRICAL 
ENGINEERING: 


a. Expository articles, written in text-book form 
and readily understood by practicing electrical en- 
gineers and engineering students, on important 
recent developments in electrical engineering. 
The paper by Travis on per-unit quantities and 
Prentice’s paper on fundamental concepts of syn- 
chronous machine reactances, form excellent illus- 
trations of this class. 


b. Articles on economic and social problems of 
the engineer. Hellmund’s paper in the April 1937 
issue of ELecrricaL ENGINEERING and Spooner’s 
paper in the December 1934 issue are typical of 
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this class. I might also herei nclude the excellent 
addresses of Doctor Bush and Doctor Flanders 
which were delivered at the Milwaukee convention. 


c. Articles on recent developments in the basic 
sciences such as physics and chemistry written from 
the point of view of possible application in the prac- 
tice of electrical engineering. The services of the 
committee on basic sciences (formerly the electro- 
physics committee) may be pressed for obtaining 
such papers. 


d. Educational articles. Several articles on edu- 
cation have appeared in Institute publications. 
These articles have always aroused interest not 
only among educators but also among practicing 
engineers. 


e. Descriptive articles of recent engineering proj- 
ects. Such articles are of interest to utility and 
power engineers. 

f. Articles on the professional aspects of engineer- 
ing including engineering ethics, licensing of engi- 
neers, etc. 

g. News of the Institute, its activities and its mem- 
bers. This section in ELECTRICAL ENGINEERING is 
read by practically all members. 


h. Short abstracts, prepared by the authors, of 
all technical papers presented at Institute conven- 
tions and published only in the TRANSACTIONS. 


i. Student papers which are awarded prizes or/and 
honorable mention. 


j. Letters to the editor. 


Having at last arrived at the letter 7 
my imagination ceases to function so I 
shall close with the hope that the readers 
of this letter will take enough interest in 
this vital matter to communicate to you 
their reaction to this proposal. 


Very truly yours, 
Micuer G. Matti (M’34) 


Assistant Professor of Electrical Engineering, 
Cornell University, Ithaca, N. Y. 


Most Economical Voltages 
For Incandescent Lamps 


To the Editor: 


Until recently the writer has seen nothing 
written explaining how to determine the 
most economical voltages at which to oper- 
ate incandescent lamps. When purchasing 
Mazda lamps the consumer has the 110- 
115-, and 120-volt lamps from which to se- 
lect. If the socket voltage happens to be, 
say 115 volts, it most certainly does not 
follow that the most economical lamp to buy 
will be the 115-volt lamp. This fact, and 
a method to determine which voltage lamp 
the purchaser should buy, the writer will 
attempt to explain in this article. 

It is well known that if the operating 
voltage of a lamp is raised, the life of the 
lamp will be materially shortened, and the 
lumens output will be increased accordingly. 
If the operating voltage is reduced, the op- 
posite effect will take place, that is, the 
life will be lengthened and the lumens out- 
put diminished. If the socket voltage is 
very low, the cost of lamp renewals will be 
almost eliminated, but the cost of electric 
power per lumen will be high. On the con- 
trary, if the socket voltage is high, the 
lumens output will be increased, but the 
total cost per lumen-hour will be prohibitive 
because of the cost of lamp renewals. At 
some voltage in between these extremes (for 
any given lamp with a specified cost for 
power) lies the point at which the user can 
get the most lumen-hours for his money. 

In the Bureau of Standards Research 
Paper No. 502, characteristic equations are 
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given for tungsten-filament vacuum and gas- 
filled lamps. They are of the form 


; The equations express the relation of volt- 
age to lumens output, to current, to watts 
input, and to the efficiency. In these equa- 
tions the variable x is the logarithm of the 
ratio of any voltage to that voltage at which 
a lamp operates when it emits light at an 
assumed “‘normal’’ efficiency. The vari- 
able yp is the logarithm of the ratios of cur- 
rents, lumen outputs, or watts at these volt- 
ages. A, B, and C are constants. 

These equations have proved to be quite 
accurate, but are cumbersome to use. 
Professor Parry Moon (‘The Scientific 
Basis of Illuminating Engineering,’’ Mc- 
_Graw-Hill Book Company, Inc.) has re- 
duced these equations to a simpler form, for 
use where great accuracy is not required. 
However, by calculation, the errors do not 
exceed 5 per cent, even though the voltage 
varies from 80 per cent to 130 per cent 
normal. These equations, in part, are as 
follows: 


F/Fy, = (V/Vo)®? luminous flux (1) 
P/P, = (V/Vo)®* power (2) 
L/ZLy = (V/Vo)-*5 life (3) 


where Vo is the rated voltage of the lamp 

and Fo, Po, and Lo are the values at rated 
voltage. The constants are obtained from 
table I. 

With the ratio of socket voltage to lamp 
voltage as the independent variable, Profes- 
sor Moon has set up another equation giving 

_ the cost per lumen-hour. Differentiating, 
a minimum voltage ratio is found, which is 
the most economical operating point. The 
proof will not be given here, but the general 
equation arrived at giving the voltage ratio 
for most economical operation is 


i) _ [bPo Bs — Bs 
Vo/m 


( a. — B, 
where 
c equals cost of one lamp plus installation 
charge (cents) 
b equals cost of power in cents per kilowatt- 
hour 
V equals actual operating voltage 
Vo equals rated voltage of lamp 
P, equals rated power of lamp 

Constants are taken from table I. 

For each division of lamps in table I the 
writer has reduced equation 4 so that curves 
may be plotted, making it easier to deter- 
mine the most economical voltage. These 
curves are shown in figure 1. As an ex- 
ample, consider a residence where 5 equals 
5 cents per kilowatt-hour, Po equals 60 
watts, and c equals 15 cents. 


= 


From figure 1 the corresponding value of 
V/V equals 1.126. If the circuit is operat- 
ing at V = 115 volts, the lamp rating for 
most economical operation should not be 
115 volts, but 


Vo= —_ = 102 volts (approximately) 


As the cost of power becomes lower, Vo 
and V become more nearly equal. As a 
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Gas-Filled Lamps 
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general rule, it is more economical to oper- 
ate lamps above rather than below their 
rated voltage. It is of interest to note from 
the curves that when DP o/c = 4.5 or less, 
then V/Vo becomes less than unity, and in 
that case, lamps should be operated below 
their rated voltage. 

After determining from figure 1 what volt- 
age lamp to buy, one can compute the say- 
ings to be made by using equations 1, 2, 
and3. Ifit is desired to make a comparison 
on the basis of cost per 1,000 lumen-hour 
hours, the additional formula may be used, 


Ct +¢ 


Cost per 1,000 lumen-hours = Li/1,000 (5) 


where 
C equals cost of power in cents per hour 
t equals life of lamp in hours 
LI equals average lumens output of lamp 

A very interesting example met with in 
actual practice, involving all of the fore- 
going formulas, is as follows: A certain 
firm was using 200-watt lamps for general 
illumination, which was considered suffi- 
cient. The cost of electricity was approxi- 
mately 2!/. cents per kilowatt-hour. The 
average operating voltage was close to 113 
volts. Lamps rated 120 volts were bought 
at a 20 per cent discount, and the labor cost 
for installation was estimated at 8 cents per 
lamp. 


bPo _ 2.5 X 200 
cc. ©6°648 + 8 


= 8.93 


From figure 1, V/V» equals 1.053. There- 
fore, the lamp rating for most economical 
operation is 


113 


Vo = = 107 volts (approximately) 


1.053 
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Figure 1. 
economical voltage 
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so 110-volt lamps should be used. But it 
has been stated that the illumination was 
considered sufficient, and using 200-watt 
lamps of this voltage rating would increase 
the illumination, the number of burn outs, 
and the power. 

A comparison may now be made with 150- 
watt lamps. Using equations 1, 2, and 3 
for the 200-watt 120-volt lamp, and obtain- 


ing the value of /) from the manufacturer’s 
table, 


Lumens output at 113 volts 
Luminous flux = F = 


V \#a 113) 8.384 
DN ote NaS 
2,770 lumens. 
Life of lamp = ams 


—B6 113\ -13.1 
u(y) = 1a (18 er 
"A\Vo 1,000 \ 790 


2,190 hours. 
Power = P = 
V \1.543 113 \ 1.543 
WE 200 750 
182.5 watts; 


Similarly, for the 150-watt 110-volt lamp. 
on a 113-volt circuit, the following values. 
are obtained: 

F equals 2,660 lumens 

L equals 698 hours 

P equals 156.2 watts 

Using equation 5 for the 200-watt 120-volt 
lamp, 


Cost per 1,000 lumen-hours = 


182.5 
2.5 X Faas X 21D0 + 56 


2,770 X 2,190 + 1,000 


= 0.174 cents, 


For the 150-watt 110-volt lamp, 
Cost per 1,000 lumen-hours = 


2.5 rile X 698 + 40 
27ST O00 1,000 + 


2,660 698 + 1,000 


= 0.168 cents 


Now since the 150-watt lamp in this case 
has a lumen output almost equal to that of 
the 200-watt lamp, and the cost per lumen- 
hour is less for the 150-watt lamp, then the 
latter is the one to use. 

However, the most interesting part is. 
that there was another electric rate which 
the firm wanted to get on. The cost for 
power on this more favorable rate would 
amount to about 2 cents per kilowatt-hour, 
while the firm was paying around 2!/, cents 
per kilowatt-hour on the rate which it was. 
on. In the availability clause of this better 
rate was this requirement, ‘‘the lighting 
load shall not exceed 10 per cent of the total 
connected load.” This requirement made. 
the firm ineligible for the better rate, al- 
though their percentage of lighting load did 
not exceed 10 per cent by a great margin. 
However, it so happened that changing 
over to the 150-watt 110-volt lamps made it 
possible to get more lumens per kilowatt~ 
hour, practically the same amount of il- 
lumination, and at the same time, to reduce 
the lighting load so as to get on this more 
favorable rate and net a savings of almost 
$2,000 a year. 

Very truly yours, 
CAMPBELL McCorp 


Engineer, The Knoxville 
News-Sentinal, Knoxville, Tenn. 
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Perens Tremne 


S. P. MacFappen (A’19, M’30) vice- 
president of the Puget Sound Power & 
Light Company, Seattle, Wash., has as- 
sumed new duties as executive vice-presi- 
dent of the company. Mr. MacFadden 
was born June 17, 1894, at Laredo, Texas 
and réceived the degree of bachelor of sci- 
ence in electrical engineering at the Texas 
Agricultural and Mechanical College in 
1916. Following his graduation, he entered 
the student engineering course of the West- 
_inghouse Electric & Manufacturing Com- 
pany, East Pittsburgh, Pa., and upon com- 
pletion of the course in 1917 became affili- 
ated with the Eastern Texas Electric Com- 
pany, Beaumont. In the same year, how- 
ever, he received a commission as lieutenant 
in the Coast Artillery Corps of the United 
States Army, and served with the American 
Expeditionary Force in France until 1919. 
At the end of the World War, Mr. Mac- 
Fadden returned to the employ of the East- 
ern Texas Electric Company, but remained 
there only briefly before being designated 
assistant to the district manager of the 
southwestern district of Stone and Webster, 
Inc., with offices at Houston, in 1920. 
From 1924 until 1930 he was associated 
with several companies, including the 
Eastern Texas Electric Company, Port 
Arthur; Western Public Service Company, 
Scottsbluff, Nebr.; and Stone and Webster 
Service Corporation, Boston, Mass. Mr. 
MacFadden has been vice-president of the 
Pugent Sound Power & Light Company 
since 1930. 


F. B. Corey (A’93, F’12, member for life) 
plant engineer, Pittsburgh Valve and Fit- 
tings Division, The Pitcairn Company, 
Barberton, Ohio, has retired from active 
service. Mr. Corey was born September 
28, 1869, at Homer, N. Y., and was gradu- 
ated from Cornell University with the de- 
gree of mechanical engineer in 1892, follow- 
ing which he entered the employ of the 
Elektron Manufacturing Company as a 
sales engineer in: the Boston, Mass., offices. 
After several other brief affiliations he be- 
came a designing engineer in the railway 
engineer department of the General Electric 
Company in 1900. Mr. Corey remained 
with that company until 1911 before be- 
coming engineer of inspection and tests for 
the Union Switch and Signaling Company 
Swissvale, Pa. In 1914 he established his 
own consulting-engineering offices in Pitts- 
burgh, Pa., but in 1916 was appointed effi- 
ciency engineer for the Pittsburgh Valve 
and Fittings Company, Barberton. He 
was employed by that company in various 
capacities for more than 20 years before his 
retirement. 


B. T. ANDERSON (A’35) who has been 
director of the bureau of railway signaling 
economics of the Union Switch & Signal 
Company, New York, N. Y., has been 
appointed general sales manager of the 
company. Mr. Anderson, a native (1884) 
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of Alexis, Ill., received the degree of bache- 
lor of science in electrical engineering at 
the University of Illinois in 1907, and upon 
graduation entered an apprenticeship course 
in railway signaling in the Union Switch 
and Signaling Company, Swissvale, Pa. 
In 1910 he became a draftsman for the 


- Atchison, Topeka, and Santa Fe Railway 


Company, Topeka, Kans., but. later was 
made construction foreman and assistant 
signal engineer and remained with that 
company until 1914. In that year he was 
appointed assistant signal engineer with the 
Delaware, Lackawanna, and Western Rail- 
way-Company, Hoboken, N. J., where he 
remained untii 1923. For 4 years (1923-27) 
Mr. Anderson was superintendent of signals 
for the Chesapeake and Ohio Railway Com- 
pany, with offices at Richmond, Va., and 
during that period became active in the 
work of the American Railway Association. 
Since 1927 he has been affiliated with the 
Union Switch and Signaling Company as 
assistant to the vice-president, assistant to 
the president, publicity representative, and 
director of the bureau of railway signaling 
economics. 


M. M. KENNEALLY (M’29) for the last 7 
years manager of the power utilities depart- 
ment of the Ohio Brass Co., Mansfield, has 
been appointed sales manager of the Porce- 
lain Insulator Corporation, Lima, N. Y. 
Mr. Kenneally was born March 16, 1894, 
at Oelwein, Iowa, and received the degrees 
of bachelor of science in electrical engineer- 
ing (1915) and electrical engineer (1920) at 
Iowa State College. Following brief associa- 
tions with several public utility com- 
panies, he was appointed electrical engineer 
on operation and construction for the Iowa 
Public Service Company, at Humboldt, in 
1924. In 1926 Mr. Kenneally became 
assistant to the electrical engineer of the 


United Gas Improvement Company, Phila- 
delphia, Pa., in which capacity he assisted 
in designing and supervising the construc- 
tion of transmission equipment for that 
system. In the following year he became 
affiliated with the Ohio Brass Co. in its high- 
voltage laboratory, and after a few months’ 
training there, was transferred to the New 
York, N. Y., offices of the company. In 
1928 he was named district sales manager 
in the New York area, and in 1930 was re- 
turned to the Mansfield offices as manager 
of the power utilities department, in charge 
of sales, advertising, and engineering. 


H. F. Bog (M’30) eastern district man- 
ager, Westinghouse Electric & Manufactur- 
ing Company, New York, N. Y., has as- 
sumed additional duties as commercial 
manager of the company. Mr. Boe, a 
native (1884) of Mansfield, Ohio, attended 
Carnegie Institute of Technology, and has 
been associated with the Westinghouse 
company since 1900, continuously except 
for one year (1916-17) as chief engineer and 
manager of the Vaile Kimes Company, 
Dayton, Ohio. Until 1916 Mr. Boe’s 
work was in general engineering and sales 
in the East Pittsburgh offices of the West- 
inghouse company; in 1918 he was trans- 
ferred to the Rochester, N. Y., offices as a 
sales engineer, and in 1922 he went to Buf- 
falo, N. Y., as district industrial division 
manager. Later he was made manager of 
that office, and in 1935 was transferred to 
New York, N. Y., where in 1936 he became 
eastern district manager. 


H. W. TENNEY (M’36) section engineer 
in the materials and process engineering 
department of the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa., has been appointed engineering man- 
ager of the recently created new products 
division of the company. Mr. Tenney, a 
native (1899) of Leominster, Mass., re- 
ceived the degrees of bachelor of science in 
electrical engineering (1920) and electrical 
engineer (1922) at Worcester Polytechnic 
Institute, and has been associated with the 


An aerial view of the Nela Park Plant of the 
which may be visited by those attending the 


General Electric Company, Cleveland, Ohio 
Middle Eastern District meeting, Akron, Ohio, 


October 13-15 
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his graduation in 1920. He entered the 
employ of the company as a laboratory 
assistant, but later became successively 
scillograph specialist, foreman in charge 
of the engineering laboratory, assistant sec- 
tion engineer in the materials and process 
engineering section, and section engineer. 


s 


S. L. Nicworson (A’00, F’13, member for 
life) assistant to vice-president, Westing- 


house Electric & Manufacturing Company, 
New York, N. Y., has relinquished his 


duties in that organization, and is retiring 
from active business. Mr. Nicholson was 
born November 10, 1870, at Germantown, 
Pa., and received his formal education in 
private schools in Philadelphia. After hav- 


ing held several engineering positions in 


Philadelphia and New York, he was en- 
gaged by the Westinghouse company as a 
sales engineer in 1898. In 1909 Mr. 
Nicholson was made sales manager, and in 
1917 became assistant to the vice-president. 
He has been active in the affairs of the 
National Electrical Manufacturers Associa- 
tion and the American Standards Associa- 
tion. 


VANNEVAR BusH (A’15, F’24, Lamme 
Medalist ’35, director) vice-president and 
dean of engineering, Massachusetts Insti- 
tute of Technology, Cambridge, has been 
appointed a member of a special committee 
of the National Research Council to make a 
comprehensive survey of the applications of 
radio, sound recording and reproduction, 
motion pictures, photography, and other 
scientific achievements in the field of educa- 
tion. 


C. L. Correns (A’07) president of the 
Reliance Electric and Engineering Company 
of Cleveland, Ohio, has been elected to 
membership on the board of directors of 
the American Standards Association, on 
nomination of the National Electrical 
Manufacturers Association. Mr. Collens 
is a past member of the ASA board (1929- 
32) and a past-president of NEMA in 
various activities of which he long has been 
active. 


F. B. Jewett (A’03, F’12, Edison Medal- 
ist 28, past-president) vice-president 
American Telephone and Telegraph Com- 
pany, New York, N. Y., has been appointed 
a member of a special committee of the 
National Research Council to make a com- 
prehensive survey of how radio, sound 
recording and reproduction, motion pic- 
tures, photography, and other scientific 
achievements may be applied to learning. 


W. R. Van BOKKELEN (A’12, M’26) has 
been appointed chief of the division of elec- 
tricity for the 1939 Golden Gate Inter- 
national Exposition at San Francisco, Calif. 
Mr. Van Bokkelen was electrical engineer 
and chief engineer of the Coast Counties 
Gas and Electric Company, San Francisco, 
for 18 years; has been in consulting practice 
for the past few years. 
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G. V. Harrap (A’84) assistant engineer 
in the power station of the Hull (England) 
Corporation Electricity Department, has 
been awarded a premium by the Institution 
of Electrical Engineers (Great Britain) for 
his paper “Taxation of Electricity Under- 
takings,” recently presented before a session 
of the Institution. 


O. A. BeckLunp (Enrolled Student) has 
received the AIEE Great Lakes District 
prize for branch paper for his paper “An 
Artificial Ear for Sound Measurements.” 
Mr. Becklund is a native (1915) of St. Paul, 
Minn., and received the degree of bachelor 
of engineering in June 1937, at the Uni- 
versity of Minnesota. 


R. E. Lye (A’32) who has been an elec- 
trical engineer in the engineering experi- 
ment station of Washington State College, 
Pullman, recently joined the engineering 
division of the Westinghouse Electric & 
Manufacturing Company, Seattle. 


FRANK WatsH (A’26, M’30) district 
manager, Puget Sound Power and Light 
Company, Bellingham, Wash., has been 
elected a vice-president of the Northwest 
Electric Light and Power Association for 
the state of Washington. 


P. J. AmsBroseE (A’36) who has been a 
radio-engineering instructor at Indiana 
Technical College, Fort Wayne, now is 
employed in the power distribution depart- 
ment of the Consumers Power Company, 
Jackson, Mich. 


E. A. RicKER (A’36) formerly a demon- 
strator on the faculty of applied science 
of the University of Toronto (Ont., Canada), 
now is a draftsman for the Canadian West- 
inghouse Company, Hamilton, Ont. 


W. H. McGrartu (A’02, M’20) has retired 
from active duty as executive vice-president 
of the Puget Sound Power & Light Com- 
pany, Seattle, Wash. He will continue as a 
director of the company. 


F. L. West (A’37) assistant engineer, 
Niagara, Lockport, and Ontario Power 
Company, Buffalo, N. Y., has been trans- 
ferred to the Avon, N. Y., offices of that 
company in the capacity of superintendent. 


H. E. Pearson (A’26, M’32) formerly 
district power maintainer for the Board of 
Transportation of the City of New York, 
N. Y., now is employed by the Roller-Smith 
Company, Bethlehem, Pa. 


Obituary 


Joun WuitE Howe. (A’87, M’88, F’12, 
Edison Medalist ’24, member for life, past 
manager) retired chief engineer of the lamp 
works of the General Electric Company, 
died July 28, 1937. Mr. Howell was born 
at New Brunswick, N.J., December 22, 
1857. In 1881, he finished a special course 
in electrical engineering at Stevens Institute 
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of Technology, and received the honorary 
degree of electrical engineer in 1899. He 
became identified with the Edison Lamp 
Company as an electrician in 1881, and 
became technical adviser to the manager of 
works in 1890; in 1912, when the company 
became a part of the General Electric Com- 
pany, he was engineer and assistant man- 
ager of the lamp works. He retired in 1931 
as chief engineer. He was recognized as 
one of the most distinguished of electrical 
pioneers in the production of incandescent 
lamps. Among his important achievements 
were the development of a successful port- 
able voltmeter, a Wheatstone bridge type of 
potential indicator, and the comparative 
indicator. He determined for the first 
time the relation between the life and candle 
power of an incandescent lamp (1886); 
introduced a carbonaceous clamp that de- 
creased clamping and filament costs and 
increased the quality of the lamp (1887); 
and later made changes to effect an increase 
in the speed of exhausting the envelope. 
He improved the Thomson-Houston method 
of treating carbon filaments, and devised a 
machine that made great advances in the 
treating process. He assisted in the design 
of the first stem-making machine and in the 
derivation of metalized filaments. Mr. 
Howell was a manager of the Institute, 
1888-90, and a member of The American 
Society of Mechanical Engineers, Franklin 
Institute, and other technical societies. 
He was a member of the Edison Medal 
Committee from 1926 to 1931. 


CHARLES BROssMAN (M’28) consulting 
engineer, Indianapolis, Ind., died June 30, 
1937. Mr. Brossmann was born January 
17, 1877, at Philadelphia, Pa., and received 
his formal technical education at the Phila- 
delphia Manual Training High School. In 
1896 he became a draftsman and designer 
for the Baldwin Locomotive Works at 
Philadelphia, were he remained until 1898, 
when he served in the Spanish-American 
War. In 1900, he was engaged by the 
Indianapolis Water Company for some 
special design work, and in 1904 he estab- 
lished the consulting-engineering company 
of Brossman and King, with offices at 
Indianapolis, Mr. Brossman maintained 
his consulting practice continuously for 
more than 32 years, and was active in the 
affairs of the Indiana Engineering Society. 
He was a member of The American So- 
ciety of Mechanical Engineers, American 
Society of Civil Engineers, and American 
Water Works Association. 


FRANK BENJAMIN Rae (A’84, M’20, 
member for life) retired consulting engineer, 
Berkeley, Calif, and a charter member of 
the Institute, died July 28, 1937. Mr. 
Rae was born July 25, 1854, at Elmira, 
N. Y., and was self-educated. From 1870 
until 1881 he was engaged in the telegraph 
business, first as messenger and operator, 
and later as manager of the Atlantic and 
Pacific Telegraph Company and the West- 
ern Union Telegraph Company. In 1881, 
he resigned the position of electrician at 
San Francisco for the Western Union com- 
pany and became engineer for the Brush 
Electric Light Company, San Francisco, 
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and manager of the San Jose (Calif.) Brush 
Electric Company. In 1883 he became 
engineer for the Commercial Telegram 
Company, an organization devoted to dis- 
patching stock quotations, at New York, 
N. Y. From 1885 to 1887 he was a con- 
sulting engineer in New York, as a member 
of the firm of Mailloux and Rae. In 1887 
Mr. Rae was consulting engineer for the 
Barker Syndicate in China, and from 1887 
until 1892 was engineer for the Detroit 
(Mich.) Electrical Works, engaged on the 
Rae Electric Railway System. Since 1892 
he had been a consulting electrical engineer 
in various cities throughout the United 
States. In 1923 he became electrical engi- 
neer for the city of Berkeley, Calif., but 
resigned and retired from active service in 
1930. Mr. Rae was the holder of about 100 
patents on various electrical devices and 
systems. 


WILLIAM GopFREY HEPTINSTALL (A’26) 
manager of Waikato Carbonisation, Ltd., 
Rotowaro, New Zealand, died October 1, 
1936, according to word just received at 
Institute headquarters. Mr. Heptinstall 
was born July 2, 1883, at Yorkshire, Eng- 


[ylermiserslsips 


land, and attended London (England) 
University. Following a period of service 
with the Royal (British) Naval Volunteer 
Reserve he went to Canada, where he took 
charge of the operation of a small municipal 
gas and electric plant for the town of 
Minnedosa, Man. In 1920 he became plant 
superintendent of the Lignite Utilization 
Board, Bienfait, Sask., and remained there 
for almost 10 years before going to New 
Zealand to become manager of Waikato 
Carbonisation, Ltd. 


Ropert KinG (A’35) electrical engineer 
in the port department, City of Oakland, 
Calif., died recently. Mr. King was born 
March 4, 1885, in Alaska, and received his 
technical education by serving an appren- 
ticeship in an electrical shop. In 1901 he 
established an electrical-contracting busi- 
ness, which he maintained until 1925, when 
he started a wholesale electrical-supply 
business. From 1927 until 1929 he served 
as a consulting engineer during the con- 
struction of several public schools in or near 
Oakland. He was appointed electrical 
engineer in the port department of that 
city in 1929. 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Charlton, H. C., 4827 Wilson Avenue, Montreal, 
Que., Canada. 

Evans, Maldwyn F., Canadian Comstock Com- 
pany, Ltd., Toronto, Ont., Canada. 

Gregory, G. A., 1217 Jefferson Street, Olympia, 
Wash. 
John E., 1741 
Denver, Colo. 
Jones, K. B., Trumbull Electric Manufacturing 
Company, Inc., Ludlow, Ky. 

Roberts, Fred A., 2010 West Michigan Street, 
Indianapolis, Ind. 

Schaefer, Philip E., 5154 St. Paul Avenue, Chicago, 
Ill 


Pennsylvania Avenue, 


Sikofsky, George L., 1206 East New York Avenue, 
Brooklyn, N. Y. 


8 Addresses Wanted 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before September 30, 1937 or 
November 30, 1937, if the applicant resides outside 
of the United States or Canada. 


Barbee, J. E., Humble 
Houston, Texas. 
Barnett, H. E., Cincinnati Suburban Bell Telephone 
Company, Cincinnati, Ohio. 

Beck, R. W. (Member), 121 City Light Bldg., 
Seattle, Wash. 

Birdsong, T. S., Alabama Power Co., Birmingham, 
Ala. 


Pipe Line Company, 
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Casselman, C. H., Buffalo Niagara Electric Corp., 
Tonawanda, N. Y. 

Conklin, W. A., Commonwealth and Southern Cor- 
poration, Jackson, Mich. 

Curtis, C. E. (Member), University of Texas, 
Austin, Texas. 

Daugherty, W. W., Bethlehem Steel Corporation, 
Cornwall, Pa. 

Davis, R. L., General Electric Company, New 
Work Nes 

De Arman, C. R., The Bristol Company, Water- 
bury, Conn. 

DeVaughn, W., Forty Wall Street Corp., New 
Works N- Ye 

Ellis, H. W. G., Ferranti Electric, Limited, Toronto, 
Ont., Canada. 

Hall, E. S., Kansas Gas and Electric Company, 
Newton. 

Harris, C. A., Southwestern Bell Telephone Co., 
St. Louis, Mo. 

Hay, J. V., Southern Bell Telephone and Telegraph 
Company, New Orleans, La. 

Johnson, L. C., Washington Water Power Com- 
pany, Spokane. 

Kight, M. B., Bureau of Reclamation, Denver, 


Knight, N. (Member), Bell Telephone Co. of 
Canada, Toronto 2, Ont., Can. 

Masson Hertner Electric Company, Cleveland, 

io. 

MacGregor, D. M., Phoenix Engineering Corp., 
New York, N. Y. 

Nannini, F., 445 Sierra Street, Reno, Nev. 

Neuhardt, F. H., General Electric Company, New 
Vork, Nav. 

Pahl, J. G., K-P-F Electric Company, San Fran- 
cisco, Calif. 

Parri, I. W., Perfex Controls Co., Milwaukee, Wis. 

Rose, A. M., American Telephone and Telegraph 
Company, Cleveland, Ohio. 

Rethschild, H., Cline Electrical Mfg. Co., Chicago, 


Sigman, F. I., McCarthy Brothers and F 
Buffalo, N. Y. 5 > aan 

Siegel, R., 393 Belmont Ave., Newark, N. J. 

Smith; 1. L., Pacific Tel. & Tel. Co., Portland, Ore. 

Taylor, J. J., Ohio Brass Co., Barberton, Ohio. 

Titus, C. F. (Member) Florida Power and Light 
Company, Daytona Beach. 

Turner, J. T., Jr., National Light & Power Co. 
Ltd., Moose Jaw, Saskatchewan, Canada. 
Walker, R. J., General Motors Corporation, De- 

_ troit, Mich. 
Wilson, S. E., National Geophysical Company 
Jennings, La. J 
34 Domestic 


News 


Foreign 


Das Gupta, S. C., c/o J. K. Oil Mills & Ice Factory 
Cawnpore, India 
Larard, F. J. (Member), 
Service Kuala, Lumpur, 
States. : 
Mackie, E. G. (Member), Punjab Public Works 
Dept., Joginder Naggar, Mandi State, India. 
Milward, F. A. (Member), 59 Windermere Park, 
Rangoon, Burma, India. ‘ 
Mundkur, B. S., 27 Bungalow Tatapuram, Cochin 
State, India. . 
Reid, J. H. (Member), Trinidad Electric Company, 
Ltd., Port-of-Spain, Trinidad, B. W. I. 
Schuepp, R. H. (Member), Volkart Brothers, 
Lahore, India. ie. 
Souza, B. R., Compania Cubana de Electricidad 
Havana, Cuba. 
Thirivengadam, M., Guntur Power & Light Lids, 
Tenali, Madras, S. India. 


9 Foreign 


Malayan Electrical 
Federated Malay 


Engineering 
Literature 


New Books 
in the Societies Library 


Among the new books received at the Engi- 
neering Societies Library, New York, recently 
are the following which have been selected be- 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements. 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


ALIGNING PHILCO RECEIVERS. By J. F. 


Rider. New York, John F. Ryder, 1440 Broad- 
way, 1937. 136 pages, diagrams, 8x5 inches, cloth, 
$1.00. A practical manual for the repairman, 


containing diagrams and tables for every model of 
Philco receiver from the earliest to those for 1937. 


FUNDAMENTALS of 
ELECTRONICS. 
John Wiley, 1937. 


ENGINEERING 
By W. G. Dow. New York, 

604 pages, illustrated, 10x6 
inches, cloth, $5.00. Emphasizes chiefly internal 
operating principles. A large part of the text is 
devoted to a study of the use of various geometrics 
and materials in electronic devices, and a relatively 
small part to circuit studies. The point of view,is 
that of the engineer. 


SOUND. By A. T. Jones. 
Nostrand Company, 1937. 
9x6 inches, cloth, $3.75. An elementary book on 
sound. Sound production and transmission, free 
and forced vibrations, musical scales and instru- 
ments, speech and hearing are considered with their 
modern technical applications. 


New York, D. Van 
450 pages, illustrated, 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


Maria as a public reference library 
of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 


inquiry to the director of the library will bring 
information concerning them. 


ELECTRICAL ENGINEERING 


a 


Officers 


President 


W. H. HARRISON New York, N. Y. 


(Term expires July 31, 1938) 


Junior Past-Presidents 


J. B. WHITEHEAD Baltimore, Md. 


(Term expires July 31, 1938) 


A. M. MacCUTCHEON Cleveland, Ohio 
(Term expires July 31, 1939) 


Vice-Presidents 

Dist. 

No. 
1 A. C. STEVENS Schenectady, N. Y. 
3 O. B. BLACKWELL New York, N. Y. 
5 C.F. HARDING Lafayette, Ind. 
7 LL. T. BLAISDELL Dallas, Tex. 
9 C. E. ROGERS Seattle, Wash. 


(Terms expire July 31, 1938) 


I. MELVILLE STEIN 
E. D. WOOD 


2 Philadelphia, Pa. 
4 D 

6 L. N. McCLELLAN 

8 P 

0 


Louisville, Ky. 
Denver, Colo. 
J. P. JOLLYMAN San Francisco, Calif. 
. J. McHENRY Toronto, Ont. 
(Terms expire July 31, 1939) 


Directors 

F. M. FARMER New York, N. Y. 
N. E. FUNK Philadelphia, Pa. 
H. B. GEAR Chicago, II1. 


(Terms expire July 31, 1938) 


F. ELLIS JOHNSON 

Cc. R. JONES New York, N. Y. 

W. B. KOUWENHOVEN Baltimore, Md. 
(Terms expire July 31, 1939) 


Columbia, Mo. 


K. B. McEACHRON Pittsfield, Mass. 
Cc. A. POWEL East Pittsburgh, Pa. 
R. W. SORENSEN Pasadena, Calif. 


(Terms expire July 31, 1940) 


Cc. R. BEARDSLEY 
VANNEVAR BUSH 
F. H. LANE 


Brooklyn, N. Y. 

Cambridge, Mass. 

Chicago, Ill. 

(Terms expire July 31, 1941) 


National Treasurer 


W. I. SLICHTER New York, N. Y. 


(Term expires July 31, 1938) 


National Secretary 


H. H. HENLINE New York, N. Y. 


(Term expires July 31, 1938) 


General Counsel 


Parker & Aaron 
20 Exchange Place, New York, N. Y. 


Local Honorary Secretaries 
AuSTRALIA—V. J. F. Brain, Dept. of Works & 
Local Govt., Bridge St., Sydney, N. S. W. 


Brazit—F. M. Servos, Rio de Janeiro Tramways 
Light & Power Co., Rio de Janeiro, Brazil, S. A. 


EncGLanp—A. P. M. Fleming, Metropolitan Vickers 
Elec. Co., Trafford Park, Manchester. 


FrancE—A. S. Garfield, 173 Boulevard Haussmann, 
Paris, 8E. 


Inp1a—H. P. Thomas, Oriental Building, The Mall, 
Lahore, Punjab. 


{raLy—Renzo Norsa, Piazza Irnerio 8, Milano. 


New ZEALAND—P. H. Powell, Canterbury College, 
Christchurch. 


SwEpEN—A. F. Enstrom, Ingeniorsvetenskrap- 
sakademien, Stockholm. 


TRANSVAAL—W. Elsdon-Dew, P. O. Box 4563, 
Johannesburg, Transvaal, Africa. 
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General Committees 


Executive 


W. H. Harrison, Chm., 195 Broadway, New York, 


INS. 
O. B. Blackwell A. M. MacCutcheon 
F. M. Farmer W. I. Slichter 
Cc. R. Jones A. C, Stevens 


Board of Examiners 


F. V. Magalhaes, Chm,, Consolidated Edison Co. 
of New York, Inc., 4 Irving Place, New York, N. Y. 
H. E. Farrer, Secy., AIEE., 33 W. 39th St., New 

YorkuNe XY, 


F. E. D’Humy A. E. Knowlton 


F. M. Farmer R. H. Marriott 
Harold Goodwin, Jr. A. G. Oehler 
PETE Gray A. L. Powell 
H. A. Kidder 5S. D. Sprong H. E. Shreeve 


Code of Principles of Professional Conduct 


H. V. Carpenter, Chm., State College of Washing- 
ton, Pullman, Wash, 


L. W. Chubb H. T. Plumb 
D. C. Jackson C, E. Stephens 
F. B. Jewett J. B. Whitehead 


Columbia University Scholarships 


W. I. Slichter, Chm., Columbia University, New 
York, N.Y: 


Francis Blossom H. C. Carpenter 


Constitution and By-Laws 


L. W. W. Morrow, Chm., Corning Glass Works, 
Corning, N. Y. 

H. A. Kidder 
Everett S. Lee 


C. O. Bickelhaupt 


R. N. Conwell W. I. Slichter 


Co-ordination of Institute Activities 


Vannevar Bush, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. 
H. S. Osborne 

I. Melville Stein 

W. H. Timbie 


H. H. Henline 
Cc. R. Jones 
L. W. W. Morrow 


Economic Status of the Engineer 


R. W. Sorensen, Chm., California Institute of Tech- 
nology, Pasadena, Calif. 
F. M. Feiker 
A. H. Lovell 


T. F. Barton 
C. O. Bickelhaupt 


Edison Medal 
Appointed by the President for term of 5 years 


V. Bush H. P. Charlesworth, Chm. K. S. Wyatt 
(Terms expire July 31, 1938) 
H. B. Gear L. W.W. Morrow J. B. Whitehead 
(Terms expire July 31, 1939) 
F, J. Meyer R. A. Millikan Marion Penn 
(Terms expire July 31, 1940) 
G. L. Knight H. W. Osgood W.S. Rodman 
(Terms expire July 31, 1941) 
C. R. Jones Everett S. Lee H. S. Osborne 


(Terms expire July 31, 1942) 


Appointed by the Board of Directors from its own 
membership for term of 2 years 


C. E. Rogers A. C. Stevens 

(Terms expire July 31, 1938) 

C. R. Beardsley K. B. McEachron 
A. M. MacCutcheon 

(Terms expire July 31, 1939) 


F. M,. Farmer 


Ex-Officio 
W. H. Harrison, President 
W. I. Slichter, National Treasurer 
H. H. Henline, National Secretary 
(Terms expire July 31, 1938) 


Officers and Committees—1937-38 


Officers and Orrmnitices for 1937-38 


Finance 


C. R. Jones, Chm., Westinghouse Elec., & Mfg. Co., 
150 Broadway, New York, N. Y. 


O. B. Blackwell N. E. Funk 


Headquarters 


F. M. Farmer, Chm.,, Electrical Testing Labora- 
tories, 80th St. & East End Ave., New York, N. Y. 
H. H. Henline C. R, Jones 


Institute Policy 


A, M. MacCutcheon, Chm., 1088 Ivanhoe Rd., 
Cleveland, Ohio 

C. F. Harding 
R. H. Tapscott 
J. B. Whitehead 


H. P. Charlesworth 
Mark Eldredge 
F. M. Farmer 


Iwadare Foundation 


F. B. Jewett, Chm., 195 Broadway, New York, 
N. Y. 


J. W. Barker H. H. Barnes, Jr. 


Lamme Medal 


L. W. Chubb, N. E. Funk, Chm, W. H. Harrison 
(Terms expire July 31, 1938) 


V. Bush C. R. Jones D. C. Prince 
(Terms expire July 31, 1939) 
F. J. Chesterman A. H. Kehoe 


C. F. Hirshfeld 
(Terms expire July 31, 1940) 
Legislation Affecting the Engineering Profession 


J. B. Thomas, Chm., Texas Electric Service Co., 
Electric Building, Fort Worth, Tex. 


J. P. Alexander F. M. Gunby 
T. F. Barton D. C. Jackson 
C. R. Beardsley L. S. Ready 
B. M. Brigman C, E. Rogers 


D. T. Canfield 
O. J. Ferguson 
N. E. Funk 


M. R. Scharff 
R. L. Thomas 
W. K. Vanderpoel 


Membership 


G. A. Kositzky, Chm., The Ohio Bell Telephone 

Co., 750 Huron Rd., Cleveland, Ohio. 
R. L. Webb, Asst. Chm., Consolidated Edison Co. 
of New York, Inc., 4 Irving Pl., New York, N. Y. 


T. BF. Ball P. G. Edwards 
W. E, Crawford F. Ellis Johnson 
E. A. Crellin Everett S. Lee 
Cc. L. Dawes J. R. MacGregor C. A. Loveless 


District Vice Chairman 


C. M. Foust (1) 

M. W. Smith (2) 

J. E. McCormack (3) 
A. S. Anderson (4) 
C. A. Cora (5) 


Nelson R. Love (6) 
E. T. Gunther (7) 
F. B. Doolittle (8) 

John Bankus (9) 
A. B, Cooper (10) 


Ex-officto 
Chairman of membership committees of all Sections 


Prizes, Award of Institute 


H, S. Osborne, Chm., American Tel. & Tel. Co., 

195 Broadway, New York, N. Y. 

J. W. Barker I. Melville Stein 
W. B. Kouwenhoven 


Publication 


I. Melville Stein, Chm., Leeds & Northrup Co., 
4901 Stenton Ave., Philadelphia, Pa. 


F. A. Lewis, Secy., AIEE, 33 W. 39th St., New 

Work, ING Yc 
J. W. Barker H. S. Osborne 
O. W. Eshbach H. S. Phelps 
H. H. Henline D. M. Simmons 
L. W. W. Morrow M. W. Smith 
A. G. Oehler W. H. Timbie 
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GENERAL COMMITTEES—Continued 


Safety 

Wills Maclachlan, Chm., 50 Oakwood Ave., 
Toronto, Ont. 

L. F. Adams M. G. Licyd 

A. W. Berresford H. N. Pye 

G. S. Diehl A. R. Small 

J. E. Goodale Frank Thornton, Jr. 

F. D. Knight W. C. Wagner 

W. B. Kouwenhoven H. S. Warren 

H. H. Weber 
Sections 


W. H. Timbie, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. 


M. S. Coover E. T. Mahood 
W. M. Dann H. H. Race 
O. W. Holden C. S. Thorn I. Melville Stein 
Ex-officio 


Chairmen of all Institute Sections 


Standards 


V. M. Montsinger, Chm., General Electric Co., 
Pittsfield, Mass. 

H. E. Farrer, Secy., AIEE, 33 W. 39th St., New 
York, N. Y. 


O. B. Blackwell A. H. Kehoe 


L. E, Fogg J. Franklin Meyer 
Cc. R. Harte E. L. Moreland 
R. E. Hellmund S. L. Mortensen 
R. T. Henry H. W. Price E. B, Paxton 
Ex-officio 


Chairmen of Working Committees 
Chairmen of AIEE delegations on other standardiz- 
ing bodies or sole representative thereon. 
President of U.S. National Committee of Interna- 
tional Electrotechnical Commission. 


Student Branches 


F. Ellis Johnson, Chm., University of Missouri, 
Columbia, Mo. 
T. W. Fitzgerald 
E. A. Loew 
Charles F. Scott 
R. W. Sorensen 


Edward Bennett 
E. E. Dreese 

O. E. Edison 

O. W. Eshbach 


Ex-officio 
Student Branch counselors 


Technical Program 


H. S. Osborne, Chm., American Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 
C. S. Rich, Secy., AIEE, 33 W. 39th St., New York, 


ING Ye 
C. R. Beardsley L. W. W. Morrow 
H. S. Bennion M. W. Smith 


I. Melville Stein 
W. E. Wickenden 


R. N. Conwell 
V. M. Montsinger 
T. A. Worcester 


Ex-officio 

Vannevar Bush, Chairman, Committee on Co-ordi- 
nation of Institute Activities 

Wills Maclachlan, Chairman, Committee on Safety 

Chairmen of all Technical Committees 


Transfers 


Everett S. Lee, Chm., General Electric Co., Sche- 
mectady, N. Y. 
Harold Goodwin, Jr. 
C. F. Harding 


F. M. Craft 
H. C. Don Carlos 
F. O. McMillan 


Technical Committees 


Automatic Stations 


O. J. Rotty, Chm., Union Electric Light & Power 
Company, 315 N. 12th Boulevard, St. Louis, Mo. 


F. F. Ambuhl L. N. McClellan 
A. E. Anderson G. E.Northup 
R. B. Arthur N. C. Pearcy 
H. W. Codding A. Perry Peterson 
A. M. de Bellis C. F. Publow 


F. S. Douglass M. E. Reagan 


W. W. Edson Garland Stamper 
Joseph Hellenthal L. J. Turley 
F, H. Lane Chester Wallace 
J. T. Logan W. C. Whitman 
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Basic Sciences 
E. E. Dreese, Chm., Ohio State University, Colum- 


bus, Ohio 
S. S. Attwood M. G. Malti 
A. Boyajian K. B. McEachron 
W. F. Davidson K. W. Miller 
L. O. Grondahl G. W. Penney 
V. Karapetoff H. H. Race 
M. J. Kelly J. Slepian 
H. P. Lawther, Jr. J. D. Tebo 
F. C. Lindvall Ernst Weber A. Von Hippel 
Communication 


Chm., Ohio State University, 

Columbus, Ohio 
E. J. O’Connell, Secy., American Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 


W. L. Everitt, 


Cc. B. Aiken H. J. Pierce 
A. L. Albert H. Pratt 
W. C. Ballard, Jr. C. E. Rogers 
H. H. Beverage M. A. Sawyer 
E. L. Bowles E. R. Shute 
L. W. Chubb Arthur Bessey Smith 
A. B. Clark Burke Smith 
John L. Clarke D. F. Smith 
J. B. Coleman H. W. Sundius 
H. J. Dible A. H. Taylor 
Melville Eastham C. H. Taylor 
FE. E. George F. KE, Terman 
G. H. Gray J. R. Tolmie 
W. F. Grimes H. M. Turner 
C. B. Jolliffe M. P. Weinbach 
H. E. Kent W. C. White 
J. R. MacGregor F. A. Wolff 
F. R. McBerty F. C. Young 
V. K. Zworykin 
Education | 
J. W. Barker, Chm., Columbia University, New 
York, N. Y. 


Robin Beach F. Ellis Johnson 


H. W. Bibber A. S. Langsdorf 
F. C. Bolton A. D. Moore 
H. V. Carpenter E. L. Moreland 
M. S. Coover R. C. Putnam 
J. A. Correll E. M. Strong 
E. E. Dreese F. E. Terman 
A. M. Dudley Norman L. Towle 


H. N. Walker 
R. I. Wilkinson 


O. W. Eshbach 
C. Francis Harding 


Electric Welding 


W. E. Crawford, Chm., A. O. Smith Corp., Mil- 
waukee, Wis. 


C, A. Adams G. G. Landis 
J. H. Blankenbuehler Hermann Lemp 
A. M. Candy J. C. Lincoln 
J. W. Dawson C. L. Pfeiffer 
Saul Dushman C. A. Powel 
D. D. Ewing C. Stansbury 
K. L. Hansen H. E. Stoddard 
H. M. Hobart Malcolm Thomson 
C. J. Holslag H. A. Winne 


Electrical Machinery 


J. L. Hamilton, Chm., Century Electric Co., St 
Louis, Mo. 

General Electric Co., 
Schenectady, N. Y. 

C. M., Gilt, Secy., Consolidated Edison Co. of N. Y., 
Inc., 4 Irving Pl., New York, N. Y. 


P. L. Alger, Vice-Chm., 


P. H. Adams O. K. Marti 
E. S. Bundy V. M. Montsinger 
J. E. Clem T. H. Morgan 
W. M. Dann 5S. H. Mortensen 
M. S. Hancock F. L. Moser 
F. E. Harrell J. R. North 
C. A. Harrington E. B. Paxton 
E. W. Henderson F. D. Phillips 
F. B. Hynes P. H. Rutherford 
C. E. Johnson W. I. Slichter 


F. Ellis Johnson J. B. Severing 


Charles Kingsley, Jr. B. R. Teare 
C. M. Laffoon C. G. Veinott 
F, C. Lindvall G. A. Waters 


W. L. Winter 


Electrochemistry and Electrometallurgy 
F. O. Schnure, Chm., Bethlehem Steel Co., Sparrows 


Point, Md. 
F. V. Andreae C. C. Levy 
E. L. Bailey Allan Monkhouse 
G. H. Clamer J. D. Noyes 


C. Dantsizen E. M. Richards 


C. L. Dudley W. R. Schofield 
By OW; Godsey, jr M. F. Skinker 
W. C. Kalb N. R. Stansel 
W. B. Kouwenhoven C. P. Yoder 


Officers and Committees—1937-38 


Instruments and Measurements 


H. C. Koenig, Chm., Electrical Testing Labora- 
tories 80th St. & East End Ave., New York, N. Y. 


C. E. Bathe W. B. Kouwenhoven 
T. M. Blakeslee Everett S. Lee 
P, A. Borden Paul MacGahan 
H. B. Brooks H. W. Price 
A. L, Brownlee H. C. Rankin 
E. be Doyle E. J. Rutan 
W. N. Goodwin, Jr. A. C. Seletzky 
C,H. G: Gray. _W. J. Shackelton 
T. S. Gray G. M. L. Sommerman 
S. S. Green H. L. Thomson 
H. C. Hamilton H. M. Turner 
N. S. Hibshman H. N. Walker 
F, C. Holtz Joseph Weil 
I. F. Kinnard R. J. Wiseman 
A. E. Knowlton D. A. Young 


Iron and Steel Production, Applications to 


Wray Dudley, Chm., National Tube Co., McKees- 

port, Pa. 
F. B. Crosby D. M. Petty 
A. C, Cummins F. O. Schnure 


A. C. Stevens 


James Dixon 
L. A. Umansky 


R. S. Fleshiem 


E. Gordon Fox H. A. Winne 
R. W. Graham Wm. J. Wooldridge 
F. E. Harrell R. H. Wright 


Light, Production and Application of 


Robin Beach, Chm., The Polytechnic Institute of 
Brooklyn, 99 Livingston Street, Brooklyn, N. Y. 


D. W. Atwater W. C. Kalb 
J. W. Barker R. D. Mailey 
W. T. Blackwell P. S. Millar 
L. T. Blaisdell F. H. Murphy 
H. B. Dates A. L. Powell 
E, E. Dorting F. A. Rogers 
C. L. Dows E. M. Strong 
L. A. Hawkins I. A. Yost 
H. H. Higbie 


Marine Work, Applications to 


A. Kennedy, Jr., Chm., General Electric Co., 

Schenectady, N. Y. 
E. C. Alger H. M. Southgate 
R. A. Beekman W. E. Thau 
H. C. Coleman A. E. Waller 
H. F. Harvey, Jr. O. A. Wilde 
C. J. Henschel J. L. Wilson 
I. H. Osborne R. J. Wiseman 
C. A. Powel R. L. Witham 
Wm. H. Reed W.N. Zippler 


Mining Work, Applications to 


R. L. Kingsland, Chm., Consolidation Coal Co., Inc., 
Fairmont, W. Va. 
H. P. Musser 

F. C, Nicholson 


W. A. Buchanan 
J. H. Edwards 


C. A. Faust D. E. Renshaw 
A. A. Hall G. W. Swenson 
L. C. Isley W. A. Thomas 


G. M. Kennedy 
L. N. McClellan 


J. F. Wiggert 
C. D. Woodward 


Protective Devices 


J. P. McKearin, Chm., Western Massachusetts 
Companies 73 State St., Springfield, Mass. 

K. B. McEachron, Vice-Chm., General Electric 
Co., Pittsfield, Mass. 


F.R. Longley, Secy., 73 State St., Springfield, 

Mass. 
E. H. Bancker H. J. Lingal 
H. D. Braley J. T. Logan 
W. R. Brownlee J. B. MacNeill 
J. O'R. Coleman J. R. MeFarlin 
H. W. Collins J. W. Milnor 
M. T. Crawford C. A. Muller 
L. N. Crichton J. H. Neher 
J. M. Flanigen J. R. North 
F. R. Ford H. W. Osgood 
G. W. Gerell D. C. Prince 
I. W. Gross A. H. Schirmer 
Herman Halperin H. K. Sels 
C. F. Harding H. P. Sleeper 
R. T. Henry L. G. Smith 
B. M. Jones R. M. Smith 
A. V. Joslin H. R. Summerhayes 
R. A. Larner H. R. Stewart 
T. G. LeClair A. H. Sweetnam 
W. A. Lewis O. C. Traver 


J. D. Wood 
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Power “pen be General 


H. w. Rogers, Chm., General Electric Company, 
Schenectady, N. Y. 


E. i Armstrong H. A. McCrea 
-R. F. Chamberlain M. J. McHenry 
L. K. Del Homme F. J. Meyer 
C. W. Drake oJ Orr 
F. Gaskill J. B. Thomas 

NV. M. Harbaugh A. E. Waller 
(a N. Jcehnson R. L. Walsh 
A. E. Knowlton C. J. White 


F. T. Leilich M. R. Woodward 


4 
Power Generation 


GS M. Armbrust, Chm., Commonwealth Edison Co, ; 
72 'W. Adams St., Chicago, Ill. 


HL C. Albrecht W. E. Lloyd, Jr. 


F. A. Annett G. A. Mills 
W. L. Cisler E, F. Pearson 
H. M. Cushing G. G. Post 
M. D. Engle C. A. Powel 
J. H. Focte C. R. Reid 
E. D, Freeman H. R. Sills 
R. L. Frisby A. E. Silver 


N. B. Hinson 
F. H. Hollister 
S. J. Lisberger 


Philip Sporn 
E. C. M. Stahl 


E. D. Wood Robert Treat 


Power Transmission and Distribution 


R. D. Evans, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Raymond Bailey, Vice-Chm., Philadelphia Elec. 
Co., 900 Sansom St., Philadelphia, Pa, 

L. G, Smith, Secy., Cons. Gas Elec. Lt. & Pr, Co., 
Lexington Bldg., Baltimore, Md. 


A. E. Bauhan W. W. Lewis 
D. K. Blake E. A. Loew 
M. Q. Bolser J. T. Lusignan, Jr. 
A. B. Campbell G, R. Milne 


J. S. Carroll E. W. Oesterreich 


C. V. Christie J. S. Parsons 
Harold Cole H. J. Scholz 
M. T. Crawford G. B. Shanklin 
A. E. Davison A. E. Silver 
G. E. Dean D. M. Simmons 
F. W. Deck C. T. Sinclair 
Mark Eldredge Philip Sporn 
D. D. Ewing P. B. Stewart 
F. M. Farmer Stanley Stokes 
E. D. Freeman JF: Bocok 
T. H. Haines W. K. Vanderpoel 
Herman Halperin C. F. Wagner 
Edwin Hansson H. S. Warren 
K. A. Hawley L. F. Woodruff 
L. F. Hickernell T. A. Worcester 


J. P. Jollyman H. E. Wulfing 


Research 


W. B. Kouwenhoven, Chm., Johns Hopkins Uni- 


; versity, Baltimore, Md. 
F. W. Atkinson V. Karapetoff 


R. W. Atkinson A, E, Kennelly 
Leo J. Berberich K, W. Miller 
O, E, Buckley T. D, Owens 
L. W. Chubb K. K, Paluev 
M. S. Coover H, H. Race 
E. C. Crittenden W. J. Seeley 
OQ. G. C, Dahl J. M. Smith 
W. F. Davidson V. G, Smith 
F, M. Farmer G. M, L, Sommerman 
Herman Halperin T. Spooner 
F, Hamburger, Ir. Ernst Weber 
L. A. Hawkins A. J, Williams 
H. M. Hobard C. H. Willis 
D. C. Jackson, Jr. R. J. Wiseman 
K. S. Wyatt 
Transportation 


G.I, Wright, Chm., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


R. Beeuwkes A. J. Klatte 
C. M. Davis H. N. Latey 
E. G. Davis J. J. Linebaugh 
J. V. B. Duer P, A. McGee 
D. D. Ewing John Murphy 
E. B, Fitzgerald A. J. Nichol 
J. E. Gardner J. A. Noertker 
Selby Haar F, B, Powers 
W.S. H. Hamilton Dwight L. Smith 
Cc. R. Jones L. J. Turley 
L. C. Josephs W. M. Vandersluis 


Sidney Withington 


Institute Representatives 


(Where names are missing, appointments have not 
yet been made for 1937-38) 


Alfred Noble Prize Committee, ASCE 
H. S. Osborne 


Am. Assoc. for the Adv. of Science, Council 
Cc. C. Knipmeyer R. E. Nyswander 


American Committee on Marking of Obstructions 
to Air Navigation 


G. E. Dean H. L. Huber 
American Engineering Council, Assembly 


C. O. Bickelhaupt William McClellan 
F. J. Chesterman C. E. Stephens 
W. H. Harrison H. H. Henline, Alternate 


Geographical District Executive Committees 


American Marine Standards Committee 


American Standards Assoc., Standards Council 


A, M. MacCutcheon V. M. Montsinger 
ER. L, Moreland 

Alternates 

R. EB, Hellmund 


H. S. Osborne FE. B, Paxton 


American Stds. Assoc., Bd. of Directors 
H. P. Charlesworth 


American Year Book, Advisory Board 
H. H. Henline 


Charles A. Coffin Fellowship and Research Fund 
Committee 
W. H, Harrison 


Committee of Apparatus Makers and Users, NRC 
Committee on Heat Transmission, NRC 


Committee on Low Voltage Hazards, ASSE-Engg. 
Section, National Safety Council 


Electrical Standards Committee, ASA 
A, M. MacCutcheon E. L. Moreland 


H. S. Osborne 
Alternates 
H. E. Farrer R. BE. Hellmund E. B. Paxton 
Engineering Foundation Board 
F. M. Farmer W. I. Slichter 


Engineering Societies Monographs Committee 
F. M. Farmer W. I. Slichter 


Engineers’ Council for Professional Developmen: 
Charles F. Scott L. W. W. Morrow 


Hoover Medal Board of Award 
H. H. Barnes, Jr. Gano Dunno 


(Continued on page 1220) 


Wm. McClellan 


ES, 


Secretary(District Secretary) 


Chairman, District Committee on 
Student Activities 


District Chairman (Vice-President, AIEE) 
No. 1—North Eastern...... A. C. Stevens, General Electric Co.,....R. G. Lorraine, General Electric Co.,....F. N. t Tompkins, Brown University, 
. Schenectady, N. Y. Schenectady, N. Y. Providence, R. I. 
No. 2—Middle Eastern..... I. Melville Stein, Leeds & Northrup Co.,....H. A. Dambly, Philadelphia Electric Co.,....A. G. Ennis, George Washington Univer- 
: 4901 Stenton Ave., Philadelphia, Pa. 900 Sansom St., Philadelphia, Pa. sity, Washington, D. C. 
i Fai i idis ‘ York University, 
— _.O. B. Blackwell, 463 West St., New York,....J. F. Fairman, Consolidated Edison CO ii ay nian N Walker, N w 
eee ea Te z Ng an of New York, Inc., 4 Irving Pl., New University Heights, New York, N. Y. 
: York, N. Y. 
—S i isvi Tel.....S. W. Anderson, Virginia Military Insti- 
hs ar ae Ed D. Wood, Louisville Gas & Elec-....Stanley Warth, Southern Bell Tel. & Te} eee WE ; R 
oer “reads ac Co. 311 W. Chestnut St., Louis- Co., 521 W. Chestnut St., Louisville, tute, Lexington, Va. 
page me Ss. S. A d, Uni ity of Michigan 
— , Purdue University, La-..../ A. G. Dewars, Northern States Power....5. 5. Attwood, University o ichigan, 
maven cree nT 2 ee aes, ne : Co., 15 S. 5th St., Minneapolis, Minn. Ann Arbor, Mich. ? 
N 6—North Central L. N. McClellan, U.S. Bureau of Recla-....W. F. McPhail, U. S. Bureau of Recla-....L. A. Bingham, University of Nebraska, 
Mae a. mation, 440 Customhouse, Denver, mation, Customhouse, Denver, Colo. Lincoln, Neb 
or 1 Chest R ll, Uni ity of New 
i i ......L. C. Starbird, 820 Telephone Building,....Chester ussell, niversi 
No. 7—South West......... L. T. Blaisdell, General Electric Co., Lane trey Se eae eee ae 


1801 N. Lamar St., Dallas, Tex. 
No: -8—Pacific. ....02-1-06+, J. P. Jollyman, Pacific Gas & Electric....A. M. 
Co., 245 Market St., 


Calif. 


. 9—North West......... C. E. Rogers, Pacific Tel. n 
a 1203 Telephone Bldg., Seattle, Wash. Co., 
M. J. McHenry, Canadian General Elec-... iJ M. 

tric Co. Ltd., 212 King St. W., Toronto, 


No. 10—Canada............ 
Ont. 


Bohnert, 
San Francisco, 


Public Service Bldg., 


Ohio Brass Co., 
Matson Bldg., San Francisco, Calif. 


& Tel. Co.,....Sidney E. Caldwell, Pacific Power & Light... .J. A. 
Portland Ore, 


Thomson, Ferranti Electric Ltd., 
Mount Dennis, Toronto, Ont. 


1006....E. F. Peterson, University of Santa 


Clara, Santa Clara, Calif. 


Thaler, Montana State College, 
Bozeman, Mont. 


Note: Each District executi 
Membership Committee. 


SEPTEMBER 1937 


ive committee includes also the chairmen and secretaries of all Sections within the District, and the District vice-chairmen of th 
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INSTITUTE REPRESENTATIVES—Continued 


John Fritz Medal Board of Award 
A. W. Berresford A. M. MacCutcheon 
J. B. Whitehead 


Library Board, United Engineering Trustees, Inc. 


W. S. Barstow H. H. Henline 
W. A. Del Mar W. I. Slichter 


National Fire Waste Council 


Nat’l Research Council, Division of Engineering & 


Industrial Research 
V. Bush Everett S. Lee J. B. Whitehead 


H. H. Henline, ex-officio 


Radio Advisory Committee, Bureau of Standards 


United Engineering Trustees, Inc. 


H. P. Charlesworth 


G. L. Knight 
H. R. Woodrow 


U.S. National Committee of the International 
Commission on Illumination 


Robin Beach A. E. Kennelly Clayton H. Sharp 


Committee of the International 
Electrotechnical Commission 


EB. L. Moreland 


U.S. Nationa 


A. M. MacCutcheon 


National Bureau of Engineering Registration, Research Procedure Com., Engg. Foundation H. S. Osborne 
Advisory Board =, W. Chubb Alternates 
W. I. Slichter H. E. Farrer R. E. Hellmund E. B. Paxton 
Thomas Alva Edison Foundation = 
Nat’! Fire Protection Assoc., Electrical Committee H. H. Barnes, Jr. Charles F. Scott Commission of Washington Award 
F. V. Magalhaes, Alternate L. W. W. Morrow Clayton H, Sharp H. B. Gear G. G. Post 
Student Branches of the Institute 
Counselor Counselor 
Name and Location District (Member of Faculty) Name and Location District (Member of Faculty) 
Akron, Univ: of, pAEron, Ohio. cama s ene cine 2....J. T. Walther New Hampshire, Univ. of, Durham, N. H......... 1....L. W. Hitchcock 
Alabama Polytechnic Inst., Auburn, Ala.......... 4....W. W. Hill New Mexico, Univ. of, Albuquerque, N. Mex...... 7....Chester Russell, Jr. 
Alabama, Univ. of, University, Ala............... 4....Fred R. Maxwell, Jr. New York, Col. of the City of, New York, N. Y... 3....Harry Baum 
Arizona, Univ. of, Tucson, Ariz..........0...000+ Shs we ol (CE delta’ New York Univ., New York, N. Y.........++++- 3....H. N. Walker 
Arkansas, Univ. of, Fayetteville, Ark............. 7....W. B. Stelzner North Carolina State Col., Raleigh, N. C......... 4....R.S. Fouraker 
Armour Inst. of Tech., Chicago, Ill............... 5....E. H. Freeman North Carolina, Univ. of, Chapel Hill, N. C....... yA 
a : i North Dakota Agri. Col., F PN estate mee seat id Obie o a kts saath 
British Columbia, Univ. of, Vancouver, B. C., Can. .10....W. B. Coulthard Neath Deka, te a bie Forks, N. D...... 6.0.2. BE: a5. 
Brooklyn, Poly. Inst. of, Brooklyn, N. Y.......... 3....C.C. Whipple Northeastern Uniy., Boston, Mass.........-...+++ 1....R. G. Porter 
Brown Univ., Providence, Ri. i cccc.. se ccsece.s 1....F. N. Tompkins Northwestern Univ., Rvatiston, Il 5 
Bucknell Univ., Lewisburg, Pa............-.2+-05 2....G. A. Irland Wotre: Damenoniy ae Tate Dame, Tide went ; 5... ay A. Caparo 
Se Inst. of sone Pasadena, Calif............. 8....F.C. aanavey Ohio Northern Univ., Ada, Ohio.........-.....4- 2....B. F. Wyandt 
alif., Univ. of, Berkeley, Calif............-++++. Sree oe aaa ee Ohio State Univ., Columbus, Ohio............++- 2....E. E. Kimberly 
Carnegie Inst. of Tech., Pittsburgh, Pa........... 2p owy ts Patterson Oia Uae engniOiiG oon eer 2. W. M. Young 
Case School of Applied Science, Cleveland, Ohiow.) Zines. C. oeletzky Oklahoma A. & M. Col., Stillwater, Okla.......... 7....Albrecht Naeter 
Catholic Univ. of America, Washington, D.C..... 2....T. J. MacKavanagh ° ri 
heen = : Ape : 4 Oklahoma, Univ. of, Norman, Oklai...ccs0+csee» Vases Ce che, DAT CeSE 
Cincinnati, Univ. of, Cincinnati, Ohio............ Dee Le Rweulves Oregon State Col., Corvallis, Ore 9 AO AtGere 
Clarkson College of Technology, Potsdam, N. Y... 1....A.R. Powers a 2 Oe ae ae cane) ares 
Clemson Apri. Cols Clemson’ S. (Got ces aca eee 4....S. R. Rhodes Pennsylvania State Col., State College, Pa........ 2....L. A. Doggett 
Colorado State Col. of A. & M. Arts, Fort Collins, Pennsylvania, Univ. of, Philadelphia, Pa.......... 2....C. D. Fawcett 
(SN yg) SES loot rac AREER TERRE CA ee eee 6....H. G. Jordan Pittsburgh, Univ. of, Pittsburgh) Pare. «....6. 60s 2....H. E. Dyche 
‘Colorado, Wniv. ot, Boulder, ‘Colomns. cents sacs Gzaeerl. Bo Palmer Porto Rico, Univ. of, Mayaguez, P. R............ 3....G. F. Anton 
Columbia University, New York, N. Y........... Osi Le kearness PrattInstitutemBrooklyn,, INoiwiny seis vive cial e eis Secdde, Cy iCarr 
GoopersUnion;, New Work, IN. Ya. Genc sees cis eunais 3... 0ks oe Lallman Princeton Univ jsccuceton, Nui) eeriein silts cris cle 2....A. E. Vivell 
CornelliUiniy, = Wthaca pNe Winsock este ee ances eis 1....E. M. Strong Purdue Unive uatayette, [nd seit seen oa nie sis 5....J. H. Bowman 
Denver, Univ. of, Denver, Colo...........-.00008 6 R. E. Nyswander Rensselaer? Poly, Inst.; Troy, Ni Vises. .en uence 1....L. C. Holmes 
Detrorte Univ of, Detroit, Mich. .sos.ee c2 me cess 5....H. O. Warner Rhode Island State Col., Kingston, R.I.......... 1 Jee Wie By eal 
Drexel Inst. of Tech., Philadelphia, Pa............ 2,...H. O. Lange Rice Institute, Houston, Texas... 5505.00 00< soe 7 J. S. Waters 
Dakeniny. derham, Nee. fac eeenins i ent sce olde 4....W. J. Seeley Rose Poly. Inst., Terre Haute, Ind ry ; Lg BY ST 
- Inst., te, Ind............... eee ipmeyer 
Florida, Univ. of, Gainesville, Fla.........-..+.+: 4....E. F. Smith Rutgers Univ., New Brunswick, N. J............+ 3....P.S. Creager 
George Washington Univ., Washington, D.C..... 2....A. G. Ennis Santa Clara, Univ. of, Santa Clara, Calif.......... 8....E. F. Peterson 
Georgia School of Tech., Atlanta, Ga............. 4....T. W. Fitzgerald South Carolina, Univ. of, Columbia, S. C......... 4. le eal 
‘ - ‘ South Dakota State Col., Brookings, So. Dak 6 Welt 
H distin, > * £5, 50: Dak... a. pirate . Gamble 
See pace Cambridge, Mass................ 1....J. D. Cobine So. Dak. State Sch. of Mines, Rapid City, So. Dak.. 6....J. O. Kammerman 
ue o, Univ. Ofeeioscow a tdahoney eee eens We arcrel Pal ef Johnson Southern California, Univ. of, Los Angeles, Calif... 8....W. G. Angermann 
AHOIS UV VOU Ut anes Ell esi ess sae texenere cheneseors Swe a As Reid Southern Methodist Univ; Dallas; Dexasin. ers 1 orenkes Ee lath 
ire cea ae aa «eto aeuaee Gusaine eueRtay ayes . a te S: SS etm een Stanford University, Calif........ 8....H. H. Skilling 
wa, tv OL MLOWa City LOWS cicy teil eis eielenigena ess ....G. F. Corcoran evens Inst or heck; ELObOKen WIN slog iicenieene se Siete ku Ge tokens 
Johns Hopkins Univ., Baltimore, Md............. 2....J. H. Lampe Bi Sage mae Chbgtaeme den te ascnin Sialelsie hee anes 2....J. D. McCrumm 
racuse Univ., 36); NE Nis ants areibre sien 
Kansas State Col., Manhattan, Kansas........... 7....R. G. Kloeffler = ; ‘ pee Ne ete 1....C. W. Henderson 
Kansas, Univ. of, Lawrence, Kansas.............. 7....E. W. Hamlin Tennessee, Univ. of, Knoxville, Tenn............. 4....J. G. Tarboux 
Kentucky, Univ. of, Lexington, Ky............... AACS iceatl Texas A. & M. Col., College Station, Texas....... 7....N. F. Rode 
Peer ea ee : Sk ee sae St Ps, hese Metis "DORA 6 teenie ke 7....W. F. Helwig 
oF Rol st? Re Rio GD PO ie co. Gan Omen CTO were tte . om exas, Univ. of, Austin, GS. vinisisie ¢uniele Sie-h.c etl ele S 
Lehigh Univ. Bethlehem, Pacis... 00... Dae Winkel eroemheie Putts Col, Tuted Colleges Masai cne ene ieee See 
ewisinsts) Chicagoullinay meee tein carn ti 5....F. A. Roger Tulane University, New Orl Cee meen Ae 
Pic cya State UM Daioh oace Lae a Theres caer sity Ww Orleans tT annservercenstetesis 4....C. W. Ricker 
LouisvilleUnivsot, Wousvilley Kye). rae et CF hari a reece rd Ne Yee e eee cece eee 1.... 
x a niv. o It Lak r 
Maine sUniv.of . Orono, Meiec. > a teicrasrlele sate ani Lee We Ek, Bliss A P eee ey ageenaen 
Marquette Univ., Milwaukee, Wis............... 5....E. W. Kane hss et Sh af Burlington, Vt............... 1....E. R. McKee 
Maryland, University of, College Park, Md....... 2....L. J. Hodgins Vienne Col., Villanova, Pa....... 00... e eee ee 2....H.S. Bueche 
Mass. Inst. of Tech., Cambridge, Mass........... 1....Gordon S. Brown Virginia Military Inst., Lexington, Va............ UR oe Way Naan 
eee Col. of Min. & Tech. Houghton, Mich.., 5....G. W. Swenson ay. pad paicew pew tS VA. eters serene 4....Claudius Lee 
ichigan State Col., E. Lansing, Mich........... DE SE Olt ’ op OB ye S MUNCESLEY 9) aN. 4 scaisbnj-i@ aera shat peas 4....J. 5. Mille 
Michigan, Univ. of, Ann Arbor, Mich............. penpiciitae tate Tee peel Washington, State Col. of, Pullman, W ¢ ae 
Milwaukee Sch. of Engg., Milwaukee, Wis........ Olea. Washington, Wetee a ue a * ASD Fesmevene Vers hOs Mey, Osburn 
Minnesota, Univ. of, Minneapolis, Minn.......... 5....J. H. Kuhlmann Washington Univ . eee Laas ay BSH esicrorete eerie 9....R. E. Lindblom 
Mississippi State Col., State College, Miss......... Aree lan Ee Ox West Virginia Univ. Mor. ae, an Ww vee tae ih »- -R. S. Glasgow 
Missouri Sch. of Mines and Met. oar rota IML ON niorerem (een Ele uovett Wisconsin, Univ of, Madise we BPS: = so = ahaa 
Missouri, Univ. of, Columbia, Mo. cio ethene Ki are Wallis Worcester Pol inst W peck aye keke ee: Site Se Linen 
Montana crate Cal’ Rezeman. Moat eee aie Glee AT aes Weecine ate i ee ATI 0 iT: 1 C. D. Knight 
5 ’ * O20) LHALATIIE OW Ol isieis este nus wielaieree 6 G. H. Sechrist 
Nebraska siWUinivaol, Lincoln Neb. sian) rete 6....L. A. Bingh 
Nevada Univ ot mhenoyeNev. ricci nists Siyrieo: Gr: See ga esa ag Teeusieg pes outed 
Newark Col. of Engg., Newark, N. J............. 3....C. H. Stephan Totalenccccnne 120 
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Ss, 
ocal 


Sections of the Institute 


D 
Ce istrict Chairman Secretary Secretary’s Address 
BRETON. oceans 2 A. O, Austin T. F, Brand 
Als Ryenigertiote te We tas tin... .... ah Werth micte ...Ohio Brass Co., Barberton, Ohio 
igheee ai ccinnth ie tacas ate’ ocsties-8 « cPitire LY, IN SECT ere Se See ee » Oe Maxwell, Jr, .... University of Alabama, University, Ala. 
oe pene terawn wanes Mes vine ERO OO ae 5 alec oak versed, MM. Flanigen...., ...Georgia Power Co., Atlanta, Ga, 
Baltimore.......... 2 L. S. Billau H. A, Fre } 
, Soe aisiiraaseas Rena AT Ntoa aT He Vi onek ....Locke Insulator Corp., Baltimore, Md. 
PROEEONE. Gan... oe Anca ts Donen. bcCrego.. . Seu LUPO scans cass 66 Sidney St., Cambridge, Mass, 
ee Indiana voces Oeaen ds G. Anderson.<s<cac eck John M. Webb........ 740 So. Alabama St., Indianapolis, Ind. 
aaa alte Sie ae be aes , 4 OR ING Ge PORPCR ccs saa ec uk A. J. Krupy oe San ...,.,Commonwealth Edison Co., 72 West Adams St., Chicago, Il. 
~ eo RArats fash ete cascle oupPontia de. Culvers os das... Say ae Schierland TR The Cincinnati Gas & Elec. Co,, Cincinnati, Ohio 
. aus ‘* Rae ey aie ce fate thas: Pr oS i Harrell. Rar MIIG AY eivuar'< a Dible. Se RATE ».. Ohio Bell Telephone Co., 750 Huron Rd., Cleveland, Ohio 
= um os nfeore seated ahs Digna Gos. DL, PTICC srajocie «<a Motels Wicvdas, EEVORIGU. cukrvcntes Ohio State University, Columbus, Ohio 
mnnechcutis <0 iso x d...<.<). A. French CEN aw Be Wwoundius.s.. cers Southern New England Tel, Co., New Haven, Conn, 
LSU AS eae ese OoS. Bockadayeccs. sx. 0s E. B. Robertson....... P, O. Box 745, Dallas, Texas 
ein - Sarton 0s RATER DerniieNa Re LOVEs 6a 56 << 6 ‘ REN ess COWEN iste ciara . 1625 California St., Denver, Colo. 
etroit-Ann Arbor... 26. °6...<.. TOS By Baker occ. Wocwat. Be, GREENS, isycccan Detroit Edison Co,, 2000 Second Ave., Detroit, Mich. 
East MPRDMESSERS, 5. coon a See SO OR Co 9 oe Wiris CUSSNG Eke Rees In care T V A, Old Post Office Bldg., Chattanooga, Tenn. 
he Cae eee sister ga Bs wicks 2 Ph AOD dy 4 «,«. <5. dae ni WE tS UNCC ok ogusicis 4121 Sassafras St., Erie, Pa. 
POTLOR Rg cet ciao n.3 i cok eee ree MOCRBEIS 5 oc cats sae st Joseph: Well... css University of Florida, Gainesville, Fla. 
Fort Wayne............ an ae Ge PATON feetas ws vice coleine ba WINTER Ks otc General Electric Co., 1635 Broadway, Fort Wayne, Ind. 
EROUSOM aia os ct as ces Wess Wil Glementey oc. Shs x NEUE VARS asic chrss ', Hughes Tool Co., Houston, Texas 
LOGIT AS ¢ ee a ee ee OBS Brownies tx<sitn « ie G. Charlesworth....... Iowa Railway Commission, Des Moines, Iowa 
HOLDS Sie ce Sc See ote Nemec L. A. Burckmyer, Jr...... WicwW. Comer, ccna sns Cornell University, Ithaca, N. Y. 
LAT CCR 0 ae ee Ter MEY Me BORRESS) 5 6c ds 0460 gO Ce Kansas City Public Service Co., 728 Delaware St., Kansas City, Mo. 
aeiaterO VALE sais gins Bacava weve ch UR ELS Bee Ay seine raed J. BH. Treweek. ..s.ci. Pennsylvania Pwr. & Lt. Co., Hazleton, Pa. 
Los Angeles y iehin wie CALs BOIS GEL Oy Se ae M. A. Sawyer......... Southern Calif. Tel. Co., Box 5300 Met. Sta., Los Angeles, Calif. 
PGOUIS CRITE. tks ok oct Ge ee Stanley Warth............ Wa Ssell. 2 os densa 119 No. Third St., Louisville, Ky. 
LATTES eipier eee eee ts SNL Sta fy oe RS MS Pieleera se 5s. s.<5. 6c CLR. Savage. cos isiels cs General Electric Co., West Lynn, Mass. 
TESST ee Bstaccs LE OR ag as Senet, ae aera W. A. Kuehithau,..... 441 West Johnson St., Madison, Wis. 
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Industrial Notes 


Pittsburgh Flood Prevention Project._-The 
first major flood prevention project to reach 
the construction stage in the Pittsburgh 
district will protect the Turtle Creek Valley 
in which lies the huge works of the Westing- 
house Elec. & Mfg. Co. and other major 
industries. In the future when high water 
from the Monongahela river threatens the 
valley, two huge gates will be lowered, form- 
ing a barrier against rising waters and the 
normal flow of Turtle Creek will be con- 
tinued by means of powerful pumps. The 
project announced by Westinghouse vice- 
president Ralph Kelly, will cost $500,000. 
Installation of the gates will be made just 
below the main Westinghouse works. One 
of the steel gates, 80 feet long by 30 feet 
high will form a dam in Turtle Creek; the 
other, 40 feet long and 20 feet high will 
close the street. When not in use the gates 
will be held approximately 20 feet above the 
street level to accommodate traffic. The 
three pumps, of the vertical type, were de- 
signed by the Westinghouse condenser engi- 
neering department at South Philadelphia, 
and will have a combined capacity of 5000 
to 7500 cubic feet per second. Each will be 
11 feet 11 inches in diameter and will be 
driven at 112 rpm by 5000 hp electric 
motors. Each of the motors will be 23 feet 
in diameter. 


Progress in Building Construction.—With 
the July record, once again construction has 
established a new high level for the re- 
covery. According to figures of F. W. 
Dodge Corp., the July total for all classes of 
construction amounted to $321,602,700 in 
the 37 eastern states, topping the previous 
high figure of the recovery reported in June 
of this year in the amount of $317,842,100 
and representing an increase of 8 per cent 
over the total of $294,734,500 reported in 
July 1936. Of the July 1937 volume, 
$81,046,000 was for residential building, 
$138,063,500 for non-residential building, 
and $102,493,200 for civil engineering proj- 
ects, i.e., public works and public utilities. 


New Coil Winding Company.—-Electrical 
Windings, Inc., 16 No. May St., Chicago, 
has been organized to specialize in the de- 
sign and manufacture of all types of trans- 
formers, solenoids, chokes, magnets, etc. 
The new company is set up to design coils 
and mountings for any specific purpose, or 
to work from manufacturers’ specifications. 
Orland Murphy, president, was formerly 
associated with Utah Radio Products and 
Standard Transformer Corp. and was re- 
cently chief engineer for Robertson-Davis. 


Empire Sheet Appointment.—Joseph B. 
Montgomery, Jr. became associated with 
Empire Sheet & Tin Plate Company’s or- 
ganization August Ist and assumed charge 
of sales. At a meeting of the Board of 
Directors held on Monday, August 9, he was 
elected vice-president in charge of sales, 
according to an announcement made by 
J. M. Hill, president. Mr. Montgomery 
was previously employed in the sales or- 
ganization of the Bethlehem Steel Corp., in 
the sheet and strip sales department. 
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American Rolling Mill Appointment.— 


Marvin Marsh, special Armco sales repre- | 


sentative in the Kansas City territory, has 
been named manager of the company’s 
newly created district office at 7100 Roberts 
St., Kansas City, Mo., according to W. W. 
Sebald, vice-president in charge of com- 
mercial activities of The American Rolling 
Mill, Middletown, O. 


Absorbs E-M Capacitor Division.—The 
Cornell-Dubilier Electric Corp., South 
Plainfield, N. J., has taken over the con- 
denser manufacturing equipment and sales 
staff of the Electric Machinery Mfg. Co., 
Co., Inc., Minneapolis. According to 
Octave Blake, president of Cornell-Dubilier, 
the additional equipment supplements the 
modern machinery already housed in the 
company’s 11 buildings covering more than 
33 acres. 


Teede Diteranie 


Transformers.—Bulletin 2259, 4 pp. De- 
scribes industrial substation service trans- 
formers. Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 


Motors.—Bulletin GEA 1195B, 4 pp. De- 
scribes large synchronous motors for driving 
metal-rolling mills. General Electric Co., 
Schenectady, N. Y. 


Switchgear.—Bulletin 1187, 8 pp. De- 
scribes indoor type cubicle switchgear, list- 
ing outstanding advantages, applications, 
and details of construction as well as com- 
plete dimensions. Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


Aircraft Wires and Cables.—Bulletin A-832, 
28 pp. Describes mechanical control cords 
and aircraft strand, galvanized wire and 
fittings; also electrical cables for use in air- 
plane construction. John A. Roebling’s 
Sons Co., Trenton, N. J. 


Switchboards.—Bulletin GEA 2617, 8 pp. 
Describes safety enclosed, air circuit breaker 
switchboards, with trip-free air circuit 
breakers rated at 250 volts d-c, 600 volts 
a-c; up to 10,000 amperes, manually or 
electrically operated. General Electric Co., 


Schenectady, N. Y. ia 


pa nn eet 


Lift? Magnet Controller.—Bulletin, 4 pp. 
Describes a new automatic-discharge type 
controller enabling high speed lifting mag- 
net operation, as well as quick release of the 
load. The Electric Controller & Mfg. Co., 
Cleveland, O. 


Silent Gears.—Bulletin, 8 pp. Describes 
Celeron (laminated plastic) silent gears. 


News 


Recommended practises for machinery, gear 
tooth data and tables on horsepower rating 
per inch of face are included. Continental- 
Diamond Fibre Co., Newark, Del. 


Arc Welder.—Bulletin GEA 2447C, 10 pp. 
Describes new Mutator are welder (elec- 
tronic rectifier) specially designed to pro- 
vide direct current at the low values re- 
quired for welding of light-gauge metal. 
General Electric Co., Schenectady, N. Y. 


Booster Regulators.— Catalog, Sec. 47-230, 
8 pp. Describes application, operation, con- 
struction and ratings of the four step feeder- 
voltage booster-regulator, designed for use 
on rural lines or distribution circuits where 
the load changes over a wide range. West- 
inghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 


Cable Testing Equipment.—Catalog H-54 
(3), 8 pp. Describes apparatus for power 
factor measurements by the phase defect 
compensation method for high voltage pro- 
duction tests of power cables. Leeds & 
Northrup Co., 4962 Stenton Ave., Phila- 
delphia, Pa. 


Porcelain in Wiring.—Bulletin, ‘‘The Fact 
Manual of Standard Electrical Porcelain,’’ 
second edition, rearranged and revised to 
illustrate the 1937 National Electric Code 
Revisions. Includes wall chart depicting 
proper use of porcelain knobs, tubes and 
cleats, as well as the newly developed all 
porcelain outlet, switch and receptacle 
boxes. Standard Electrical Porcelain Manu- 
facturers, 201 No. Wells St., Chicago, Ill. 


Diesel Generating Sets.—Bulletin 3600-A2, 
16 pp. Describes the construction and 
application of model 36-A Diesel generating 
sets in industrial plants, either as indepen- 
dent units carrying the entire load or for 
parallel or auxiliary operation in conjunc- 
tion with other electrical service. Alter-_ 
nating-current sets are offered in ratings 
from 5.3 to 100 kva and direct current sets 
from 5 to 80 kw. Fairbanks, Morse & Co., 
900 So. Wabash Ave., Chicago, IIl. 


Condensers.—Catalog, 32 pp. Lists a 
large and diversified line of condensers, to- 
gether with essential resistors, in a manner 
which permits of finding any required con- 
denser in minimum time. Condensers are 
grouped first under their general type classi- 
fication, and then under working voltage, 
and finally by capacity. Eight pages of 
exact duplicate replacement condensers are 
included, covering practically all standard 
set requirements. Aerovox Corp., 70 
Washington St., Brooklyn, N. Y. 


Distribution System.—Catalog, 40 pp. 
Describes Universal type “‘Trol-E-Duct,” a 
mobile electrical distribution system de- 
signed for general lighting and light duty 
power applications. This innovation con- 
sists essentially of section lengths of formed 
steel duct enclosing copper bus bars partially 
wrapped in insulating material. Movable 
current-carrying trolleys and _ stationary 
twistout plugs to which lights, tools and 
appliances can be wired are inserted in a 
narrow continuous slot extending along one 
side of the duct. The new system supple- 
ments Industrial ‘“Trol-E-Duct,” for heavy 
duty power applications. Bull Dog Elec- 
tric Products Co., 7610 Jos. Campau Ave., 
Detroit, Mich. 
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